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&KURQRVWUDWLJUDSK\ DQG VSDWLDO GLVWULEXWLRQ RI PDJQHWLF VHGLPHQWV LQ WKH &KXNFKL DQG
%HDXIRUWVHDVVLQFHWKHODVWGHJODFLDWLRQ
&+$5/(6('28$5''(6&+$036*8,//$80(6721*(-($1&$5/260217(52
6(55$12$1'/(21,'32/<$.
'HVFKDPSV&( 6W2QJH*0RQWHUR6HUUDQR -&	3RO\DN /&KURQRVWUDWLJUDSK\ DQG VSDWLDO
GLVWULEXWLRQRIPDJQHWLFVHGLPHQWVLQWKH&KXNFKLDQG%HDXIRUWVHDVVLQFHWKHODVWGHJODFLDWLRQ

3DODHRPDJQHWLF LQYHVWLJDWLRQRI WKUHHVHGLPHQWFRUHVIURPWKH&KXNFKLDQG%HDXIRUW6HDPDUJLQVZDV
SHUIRUPHGIRUEHWWHUFRQVWUDLQLQJWKHUHJLRQDOFKURQRVWUDWLJUDSK\DQGIRUJDLQLQJLQVLJKWVLQWRVHGLPHQW
PDJQHWLF SURSHUWLHV DW WKH 1RUWK $PHULFDQ $UFWLF PDUJLQ GXULQJ WKH +RORFHQH DQG WKH SUHFHGLQJ
GHJODFLDWLRQ 3DODHRPDJQHWLF DQDO\VHV UHYHDO WKDW VHGLPHQWV XQGHU VWXG\ DUH FKDUDFWHUL]HG E\ ORZ
FRHUFLYLW\IHUULPDJQHWLFPLQHUDOVPDJQHWLWHPRVWO\LQWKHSVHXGRVLQJOHGRPDLQJUDLQVL]HUDQJHDQG
E\ D VWURQJ VWDEOHZHOOGHILQHG UHPDQHQWPDJQHWL]DWLRQ 0$'$JHPRGHOV IRU WKHVH VHGLPHQW
FRUHVZHUH FRQVWUDLQHG E\ FRPSDULQJ WKHLU SDODHRPDJQHWLF VHFXODU YDULDWLRQV LQFOLQDWLRQ GHFOLQDWLRQ
DQG UHODWLYH SDODHRLQWHQVLW\ ZLWK SUHYLRXVO\ SXEOLVKHG DQG LQGHSHQGHQWO\ GDWHG VHGLPHQWDU\ PDULQH
UHFRUGV IURP WKH VWXG\DUHD7KHPDJQHWRVWUDWLJUDSKLFDJHPRGHOVZHUHYHULILHGE\$06UDGLRFDUERQ
GDWLQJWLHSRLQWVLQWKH$0'FRUHVDQGE\WHSKURFKURQRORJ\DQG3EEDVHGVHGLPHQWDWLRQUDWHHVWLPDWH
IRU -3& 7KH DQDO\]HG FRUHV -3& 3& DQG 3& VSDQ a   DQG   FDO D %3
UHVSHFWLYHO\7KHHVWLPDWHGVHGLPHQWDWLRQUDWHVZHUHVWDEOHDQGUHODWLYHO\KLJKVLQFHWKHGHJODFLDWLRQLQ
FRUHV -3&  FP ND DQG 3&  FP ND &RUH 3& VKRZV PXFK ORZHU +RORFHQH
VHGLPHQWDWLRQUDWHVZLWKDVWURQJGHFUHDVHDIWHUWKHGHJODFLDWLRQIURPaWRFPND2YHUDOOWKLV
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VWXG\ LOOXVWUDWHV WKH XVHIXOQHVV RI SDODHRPDJQHWLVP WR LPSURYH WKH GDWLQJ RI /DWH 4XDWHUQDU\
VHGLPHQWDU\UHFRUGVLQWKH$UFWLF2FHDQ

'HVFKDPSV &KDUOHV(GRXDUG FRUUHVSRQGLQJ DXWKRU GHVFKDPSVFKDUOHVHGRXDUG#JPDLOFRP
*XLOODXPH 6W2QJH DQG -HDQ&DUORV 0RQWHUR6HUUDQR ,QVWLWXW GHV VFLHQFHV GH OD PHU GH 5LPRXVNL
&DQDGD5HVHDUFK&KDLU LQ0DULQH*HRORJ\8QLYHUVLWpGX4XpEHFj5LPRXVNL	*(2723DOOpH
GHV8UVXOLQHV5LPRXVNL4XpEHF*/$&DQDGD/HRQLG3RO\DN%\UG3RODUDQG&OLPDWH5HVHDUFK
&HQWHU2KLR6WDWH8QLYHUVLW\&ROXPEXV2+86$
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
5DGLRFDUERQGDWLQJLVWKHPRVWZLGHVSUHDGPHWKRGXVHGWRGHWHUPLQHWKHDJHRIIRVVLOVRURUJDQLFPDWWHU
GHSRVLWHG LQ PDULQH VHGLPHQW FRUHV GXULQJ WKH ODVW a ND +RZHYHU WKH VFDUFLW\ DQG SRRU
SUHVHUYDWLRQRIFDOFDUHRXVWHVWVDQGDKLJKFRQWHQWRIUHGHSRVLWHGWHUUHVWULDORUJDQLFPDWWHULQWKH$UFWLF
2FHDQFRPSOLFDWHVWKHGDWLQJRIVHGLPHQWV/HGXHWDO0F.D\HWDO%DUOHWWDHWDO
0RUHRYHU UDGLRFDUERQGDWLQJ LQ WKH$UFWLF LVFRPSOLFDWHGE\DQRIWHQSRRUO\FRQVWUDLQHG UDGLRFDUERQ
UHVHUYRLU DJH +DQVOLN HW DO  &RQVHTXHQWO\ SDODHRFHDQRJUDSKLF UHFRQVWUXFWLRQV LQ WKLV
FOLPDWLFDOO\VHQVLWLYHUHJLRQDUHKDPSHUHGE\DODFNRIUREXVWFKURQRORJLHV2QHWRROWKDWKDVDSRWHQWLDO
WR FLUFXPYHQW WKHVH GLIILFXOWLHV LV SDODHRPDJQHWLVP ZKLFK FDQ EH XVHG WR UHFRQVWUXFW
FHQWHQQLDOPLOOHQQLDOVFDOH YDULDWLRQV LQ WKH (DUWK
V PDJQHWLF ILHOG DQG WR LGHQWLI\ UHJLRQDO
FKURQRVWUDWLJUDSKLF PDUNHUV E\ REVHUYLQJ V\QFKURQRXV FKDQJHV VXFK DV LQFOLQDWLRQ GHFOLQDWLRQ RU
LQWHQVLW\RI WKHPDJQHWLF ILHOG %DUOHWWD HWDO'DUE\ HWDO /XQG HWDO$VD
UHVXOW SDODHRPDJQHWLVP KHOSV WR HVWDEOLVK WKH DJH FRQWURO LQ FKURQRVWUDWLJUDSKLFDOO\ FKDOOHQJLQJ
HQYLURQPHQWV6W2QJHHWDO6WRQHU	6W2QJH
$IHZVWXGLHVKDYHXVHGPDJQHWRVWUDWLJUDSK\DVDUHJLRQDOGDWLQJWRRO IRU+RORFHQHVHGLPHQWVRQ
WKHZHVWHUQ$UFWLFFRQWLQHQWDOPDUJLQVLQWKHDEVHQFHRIGDWDEOHPDWHULDORUWRLQGHSHQGHQWO\VXSSRUWDQG
LPSURYHFKURQRVWUDWLJUDSK\EDVHGRQUDGLRFDUERQGDWLQJ%DUOHWWDHWDO/LVp3URQRYRVWHW
DO 'DUE\ HW DO 7KHVH VWXGLHV KDYH FRPSDUHG WKH LGHQWLILHG FKURQRVWUDWLJUDSKLFPDUNHUV
ZLWK +RORFHQH SDODHRPDJQHWLF FXUYHV VXFK DV IRU ZHVWHUQ 1RUWK $PHULFDQ YROFDQLF URFNV 369/
+DJVWUXP	&KDPSLRQRU*UDQGIDWKHU/DNHVHGLPHQWVLQ$ODVND*)/*HLVV	%DQHUMHH
DQGDOVRZLWKJOREDOJHRPDJQHWLFILHOGPRGHOV&$/6NEDVHGRQVSKHULFDOKDUPRQLFDQDO\VLV.RUWH
	&RQVWDEOH +RZHYHUPRVW RI WKH SDODHRPDJQHWLF UHFRUGV JHQHUDWHG LQ WKH %HDXIRUW 6HD IDOO
VKRUW RI UHFRYHULQJ WKH HQWLUH+RORFHQH DQG WKH GHJODFLDO VHGLPHQWV %DUOHWWD HW DO  /LVp
3URQRYRVWHWDO7KLVODFNRIGDWDRQSDODHRPDJQHWLFVHFXODUYDULDWLRQLQWKHORZHU+RORFHQHDQG
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
GHJODFLDWLRQ LVPDLQO\GXH WR WKHXVHRIFRUHV UHFRYHUHGE\ UHODWLYHO\ VKRUWSLVWRQFRULQJ DW VLWHVZLWK
KLJK VHGLPHQWDWLRQ UDWHV ! FP ND %DUOHWWD HW DO  'DUE\ HW DO  ,Q VWUDWLJUDSKLFDOO\
ORQJHU UHFRUGV VWXGLHG DW WKH &KXNFKLPDUJLQ WKH GHJODFLDO VHGLPHQWV FRQWDLQHG QXPHURXV LFHUDIWHG
GHEULV ,5' ZKLFKPDNHV WKHP XQVXLWDEOH IRU SDODHRPDJQHWLF UHFRQVWUXFWLRQV %DUOHWWD HW DO 
/LVp3URQRYRVWHWDO
,Q WKLV SDSHU ZH SUHVHQW WKH IXOOYHFWRU SDODHRPDJQHWLF UHFRUGV LQFOLQDWLRQ GHFOLQDWLRQ DQG
UHODWLYHSDODHRLQWHQVLW\RIWKUHHSLVWRQFRUHVIURPWKH$ODVND&KXNFKLDQG%HDXIRUWPDUJLQVDVZHOODV
WKHPDJQHWLFSURSHUWLHVRIVHYHUDOVHGLPHQWFRUHVDORQJWKH1RUWK$PHULFDQPDUJLQ)LJLQRUGHUWR
LPSURYHWKHFKURQRVWUDWLJUDSK\RIWKH+RORFHQHWRGHJODFLDOVHGLPHQWVLQWKHZHVWHUQ$UFWLF2FHDQDQG
FKDUDFWHUL]H WKH VHGLPHQWDU\ SURFHVVHV LQIOXHQFLQJ WKH PDJQHWLF SDUDPHWHUV DORQJ WKH %HDXIRUW DQG
&KXNFKLVKHOYHV
5HJLRQDOVHWWLQJ
7KH VKDOORZ &KXNFKL DQG %HDXIRUW 6HD PDUJLQV ZDV IORRGHG ODVW WLPH GXULQJ WKH JODFLDO+RORFHQH
WUDQVLWLRQ .HLJZLQ HW DO  7KH &KXNFKL VKHOI FLUFXODWLRQ LV FRQWUROOHG E\ DQ LQIORZ RI 3DFLILF
ZDWHUVYLDWKH%HULQJ6WUDLWWKH6LEHULDQFRDVWDOFXUUHQWDQGWKH$WODQWLF,QWHUPHGLDWH:DWHUDIIHFWLQJ
WKH QRUWKHUQPDUJLQ 3LFNDUW :HLQJDUWQHU HW DO 0RGHUQ VHGLPHQW LQ WKH&KXNFKL6HD LV
EHOLHYHG WREHPDLQO\GHULYHG IURPQRUWKHDVWHUQ6LEHULD DQG%HULQJ6WUDLW LQIORZ HVSHFLDOO\ IURP WKH
<XNRQ5LYHUZKHUHDV WKH%HDXIRUWPDUJLQ VHGLPHQW RULJLQDWHV SULPDULO\ IURP WKH0DFNHQ]LH5LYHU
EDVLQ9LVFRVL6KLUOH\HWDO2UWL]HWDO$VDKDUDHWDO6PDOOHU$ODVNDQULYHUVKDYHD
PRUH ORFDO LPSDFWEXWPD\KDYHEHHQDPRUH LPSRUWDQWVHGLPHQWVRXUFHDW WKHHDUO\VWDJHVRI WKH ODVW
WUDQVJUHVVLRQ +LOO 	 'ULVFROO  7KH LFHUDIWHG GHEULV ,5' LV DOVR DQ LPSRUWDQW VHGLPHQW
FRPSRQHQWLQWKH&KXNFKLDQG%HDXIRUWVHDV'DUE\2UWL]HWDO,QPRGHUQDQG+RORFHQH
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
VHGLPHQWV WKH ,5' PD\ RULJLQDWH IURP PXOWLSOH VRXUFHV LQFOXGLQJ ORFDO DQG GLVWDQW SURYHQDQFH
GHSHQGLQJRQFLUFXODWLRQWKDWFRQWUROVWKHLFHGULIW'DUE\	%LVFKRI'DUE\HWDO3RO\DNHW
DO
7KH&DQDGLDQ%HDXIRUW6KHOIRFFXSLHVDEURDGUHFWDQJXODUDUHDDERXWNPRIZLGWKDQGNP
RI OHQJWKERUGHUHGE\ WKH$PXQGVHQ*XOI WR WKHHDVW0DFNHQ]LH&DQ\RQ WR WKHZHVW WKH0DFNHQ]LH
5LYHU GHOWD WR WKH VRXWK DQG WKH GHHS EDVLQ RI WKH %HDXIRUW 6HD WR WKH QRUWK 6HGLPHQWDWLRQ RQ WKH
&DQDGLDQ %HDXIRUW 6KHOI LVPRVWO\ LQIOXHQFHG E\ WKH0DFNHQ]LH 5LYHU SOXPH 5LFKHURO HW DO 
$OWKRXJK WKH 0DFNHQ]LH 5LYHU GLVFKDUJHV OHVV ZDWHU a NP D :DJQHU HW DO  WKDQ WKH
6LEHULDQULYHUVWKHVXVSHQGHGVHGLPHQWORDGIURPWKH0DFNHQ]LH5LYHULVWKUHHWRIRXUWLPHVKLJKHUWKDQ
IURPWKH6LEHULDQULYHUV0DWWKLHVVHQHWDO7KHWRWDOVHGLPHQWORDGGHOLYHUHGWRWKHKHDGRIWKH
GHOWD UHDFKHV XS WR 0W D &DUVRQ HW DO  2¶%ULHQ HW DO  ZKLFK H[SODLQV YHU\ KLJK
VHGLPHQWDWLRQUDWHVLQWKLVDUHDDERXWWRFPND%DUOHWWDHWDO%ULQJXp	5RFKRQ
'XUDQWRXHWDO
'XULQJGHJODFLDWLRQDQGWKHHDUO\+RORFHQHVHGLPHQWLQSXWVWRWKH&KXNFKLDQG%HDXIRUWPDUJLQV
ZHUH SUHVXPDEO\ KLJKHU WKDQ DW ODWHU WLPHV GXH WR WKH ULVLQJ VHD OHYHO DVVRFLDWHGZLWKPHOWZDWHU DQG
LFHEHUJGLVFKDUJHIURPWKHUHWUHDWLQJ/DXUHQWLGH,FH6KHHWDOWKRXJKWKHDJHFRQWUROIRUWKHVHVHGLPHQWV
LVQRWZHOOFRQVWUDLQHG+LOOHWDO+LOO	'ULVFROO6FRWWHWDO7KHGHJODFLDOJODFLDO
,5'ZDVGHULYHGSULPDULO\IURPWKH/DXUHQWLGHSURYHQDQFHVXFKDV WKH&DQDGLDQ$UFWLF$UFKLSHODJR
WKDWKDVFKDUDFWHULVWLFDOO\KLJKFRQWHQWRIGRORPLWHV3KLOOLSV	*UDQW]6WRNHVHWDO3RO\DN
HWDO6FKHOOHWDO
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
0DWHULDODQGPHWKRGV
&RULQJVLWHV
&RUHV +/<-3&7:& MXPER SLVWRQ FRUH DQG DWWHQGDQW WULJJHU ZHLJKW FRUH DQG +/<
0&PXOWLFRUHKHUHLQDIWHUFROOHFWLYHO\UHIHUUHGWRDV-3&ZHUHUDLVHGIURPWKH&KXNFKL$ODVNDQ
PDUJLQ IURP WKH86&*&+HDO\ DVSDUW RI WKH+HDO\2GHQ7UDQV$UFWLF([SHGLWLRQ +275$;
'DUE\HWDO&RUHV-3&7:&ZHUHUHFRYHUHGLQDVORSHFDQ\RQDERXWNPQRUWKRI%DUURZ
DWPZDWHUGHSWK7DEOH)LJ7KHPXOWLFRUH0&ZDVUHFRYHUHGQHDUE\EXWWKHH[DFWZDWHU
GHSWKZDVQRWUHFRUGHG
&RUHV $0'3&7:& DQG $0'3&7:& KHUHLQDIWHU UHIHUUHG WR DV 3& DQG
3&ZHUHFROOHFWHGIURPWKH&&*6$PXQGVHQGXULQJWKH$UFWLF1HWH[SHGLWLRQ'HVFKDPSVHW
DO7KHVHFRUHVZHUHUHFRYHUHGDWWKH&DQDGLDQ%HDXIRUWPDUJLQZLWKFRUH3&ORFDWHGLQIURQW
RIWKH0DFNHQ]LH5LYHUGHOWD7DEOH)LJ
0DJQHWLFSURSHUWLHVRIVHYHUDOFRUHVLQYHVWLJDWHGLQHDUOLHUVWXGLHVKDYHEHHQXVHGIRUFRPSDULVRQ
ZLWK WKH GDWD SUHVHQWHG LQ WKLV SDSHU 7KHVH FRUHV LQFOXGHG +/<-3& %DUOHWWD HW DO 
+/<-3&DQG+/<-3&/LVp3URQRYRVWHWDODQGDOVR+/<-3&'DUE\
HWDOIURPWKH&KXNFKL6HDDVZHOODVFRUHV3&DQG3&%DUOHWWDHW
DOIURPWKH%HDXIRUW6KHOI&RUHV3&3&3&6FKHOOHWDODQG3&6FRWW
HWDOIURPWKH&DQDGLDQ%HDXIRUWPDUJLQZHUHXVHGIRUWKHDJHPRGHOFRPSDULVRQ7KH&KXNFKL
$ODVNDQFRUHVZHUHKHUHLQDIWHUUHIHUUHGWR-3&-3&-3&DQG-3&
0XOWL6HQVRU&RUH/RJJHUDQDO\VLVDQGFRUHVDPSOLQJ
7KHEXONGHQVLW\REWDLQHGE\JDPPDUD\DWWHQXDWLRQDQGYROXPHWULFPDJQHWLFVXVFHSWLELOLW\N/)RIDOO
WKH VHGLPHQW FRUHV ZHUH PHDVXUHG XVLQJ D *(27(. 0XOWL 6HQVRU &RUH /RJJHU 06&/ DW FP
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LQWHUYDOV 'LIIXVH VSHFWUDO UHIOHFWDQFH GDWD VHGLPHQW FRORXU ZHUH DOVR DFTXLUHG DW FP UHVROXWLRQ
LPPHGLDWHO\DIWHU VSOLWWLQJ WKHFRUHVXVLQJD0LQROWD&0GKDQGKHOG VSHFWURSKRWRPHWHUDQG WKHQ
FRQYHUWHGLQWRWKH/DEFRORXUVSDFHRIWKH,QWHUQDWLRQDO&RPPLVVLRQRQ,OOXPLQDWLRQ&,(/LV
DEODFNWRZKLWHVFDOHWRDLVDJUHHQWRUHGVFDOHWRDQGELVDEOXHWR\HOORZVFDOH
 WR  6W2QJH HW DO  'HEUHW HW DO  7KH 06&/ DQG GLIIXVH VSHFWUDO UHIOHFWDQFH
DQDO\VHVZHUHSHUIRUPHGRQERDUGIRUFRUH-3&DQGDWWKH,QVWLWXWGHVVFLHQFHVGHODPHUGH5LPRXVNL
,60(5&DQDGDIRUFRUHV3&DQG3&
$OOFRUHVZHUHVDPSOHGZLWKXFKDQQHOVXVKDSHGSODVWLFOLQHUVîFPLQFURVVVHFWLRQDQGXSWR
PLQOHQJWKIRUSDODHRPDJQHWLFDQDO\VHV&RUHV3&DQG3&ZHUHDOVRUDQWKURXJKD&7VFDQQHU
DW WKH ,QVWLWXW QDWLRQDO GH UHFKHUFKH VFLHQWLILTXH ± &HQWUH HDX WHUUH HW HQYLURQQHPHQW ,156(7(
4XpEHF&DQDGD7KHUHVXOWLQJGLJLWDO;UD\LPDJHVZHUHGLVSOD\HGLQJUH\VFDOHDQGH[SUHVVHGDV&7
QXPEHUVZKLFKSULPDULO\UHIOHFWVFKDQJHVLQEXONGHQVLW\6W2QJHHWDO6W2QJH	/RQJ
&RUHV -3& 3& DQG 3&ZHUH V\VWHPDWLFDOO\ VDPSOHG DW HYHU\  FP H[FHSW IRU FRUH 3&
ZKHUH,5'LQWHUYDOVZHUHDGGLWLRQDOO\VXEVDPSOHGDQGFRUUHVSRQGWRDWRWDORIDQGVDPSOHV
UHVSHFWLYHO\XVHGIRUJUDLQVL]HDQGURFNPDJQHWLVPDQDO\VHV
*UDLQVL]HDQDO\VHV
6HGLPHQWJUDLQVL]H DQDO\VHVZHUHSHUIRUPHGRQ WKH VHGLPHQWEXON IUDFWLRQXVLQJ D%HFNPDQ&RXOWHU
/6 ODVHUGLIIUDFWLRQJUDLQVL]HDQDO\]HUZKLFKKDVDGHWHFWLRQ UDQJHRI±PP6DPSOHV
ZHUH GHIORFFXODWHG E\PL[LQJ DERXW  J RIZHW VHGLPHQWZLWK&DOJRQ HOHFWURO\WLF VROXWLRQ VRGLXP
KH[DPHWDSKRVSKDWHJ/DQGVXEVHTXHQWO\VKDNLQJIRUDW OHDVWKXVLQJDQLQKRXVHURWDWRU7KH
JUDLQVL]H GLVWULEXWLRQ DQG VWDWLVWLFDO SDUDPHWHUV HJ PHDQ DQG VRUWLQJ ZHUH FDOFXODWHG XVLQJ WKH
PRPHQWPHWKRGVIURPWKH*5$',67$7VRIWZDUH%ORWW	3\H
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&DUERQDQDO\VHV
7RWDOFDUERQ&WRWDODQGRUJDQLFFDUERQ&RUJFRQWHQWVIRUFRUH+/<0&ZHUHGHWHUPLQHGRQWKHEXON
DQG FDUERQDWHIUHH IUDFWLRQ XVLQJ D &+1 (OHPHQWDO $QDO\VHU &267(&+  7KH FDUERQDWHIUHH
IUDFWLRQZDVREWDLQHGE\GRXEOH+&OWUHDWPHQW3UHFLVLRQZDVEHWWHUWKDQEDVHGRQDQLQWHUQDO
VWDQGDUGDFHWDQLOLGHDQGUHSOLFDWHVDPSOHV$EODQNFDSVXOHZDVDOVRDQDO\VHGLQHYHU\UXQWRFRQILUP
WKHDEVHQFHRIFRQWDPLQDWLRQ
3DODHRPDJQHWLFDQDO\VLV
3DODHRPDJQHWLFGDWDZHUHDFTXLUHGDWFPLQWHUYDOVRQXFKDQQHOVDPSOHVXVLQJDKLJKUHVROXWLRQ*
(QWHUSULVHVFU\RJHQLFPDJQHWRPHWHUPRGHO 650DQGSXOVHPDJQHWL]HUPRGXOH IRU ,VRWKHUPDO
5HPDQHQW0DJQHWL]DWLRQ,50DQG6DWXUDWHG,VRWKHUPDO5HPDQHQW0DJQHWL]DWLRQ6,50DWWKH,QVWLWXW
GHVVFLHQFHVGHODPHUGH5LPRXVNL,60(5&DQDGD7KHQDWXUDOUHPDQHQWPDJQHWL]DWLRQ150ZDV
VWHSZLVHGHPDJQHWL]HGDQGPHDVXUHGZLWKVWHSV
DQGP77KHDQK\VWHUHWLFUHPDQHQWPDJQHWL]DWLRQ$50ZDVLQGXFHGLQDSHDNDOWHUQDWLYHILHOGRI
P7LQWKHSUHVHQFHRIDZHDNGLUHFWFXUUHQW'&ELDVLQJILHOGRIP77KHLVRWKHUPDOUHPDQHQW
PDJQHWL]DWLRQ,50DQGVDWXUDWHGLVRWKHUPDOUHPDQHQWPDJQHWL]DWLRQ6,50ZHUHLQGXFHGXVLQJWKH
SXOVH PDJQHWL]HU LQ D '& ILHOG RI  DQG  7 UHVSHFWLYHO\ $50 ,50 DQG 6,50 ZHUH
GHPDJQHWL]HG ZLWK WKH VDPH VWHS DV WKH 150 7KH $50 ZDV DOVR H[SUHVVHG DV DQK\VWHUHWLF
VXVFHSWLELOLW\ N$50 E\ QRUPDOL]LQJ WKH $50ZLWK WKH '& ELDV ILHOG 7KH PHGLDQ GHVWUXFWLYH ILHOG
0')RIWKH150ODEHOOHGDV0')150H[SUHVVHVWKHYDOXHRIWKHSHDN$)QHFHVVDU\WRUHGXFHWKH
150LQWHQVLW\ WRKDOIRI LWV LQLWLDOYDOXHDQGZDVFDOFXODWHGXVLQJ WKHVRIWZDUHGHYHORSHGE\0D]DXG

,QRUGHUWRGHWHUPLQHWKHFKDUDFWHULVWLFUHPDQHQWPDJQHWL]DWLRQ&K50WKHPDJQHWLFGHFOLQDWLRQ
DQG LQFOLQDWLRQ RI WKH &K50 ODEHOOHG&K50' DQG&K50 , UHVSHFWLYHO\ ZDV FRPSXWHGZLWK QLQH
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GHPDJQHWL]DWLRQVWHSVEHWZHHQDQGP7IRUFRUHV3&DQG3&DWFPLQWHUYDOVXVLQJVWDQGDUG
SULQFLSDO FRPSRQHQW DQDO\VLV .LUVFKYLQN ZKLFK DOVR SURYLGHV WKHPD[LPXP DQJXODU GHYLDWLRQ
0$'YDOXHV7KHVDPHSURFHGXUHKDVEHHQFDUULHGRXWIRUFRUH-3&EXWXVLQJGHPDJQHWL]DWLRQ
VWHSVEHWZHHQDQGP7)XUWKHUPRUHWKH&K50GHFOLQDWLRQVZHUHFRUUHFWHGIRUURWDWLRQDWVHFWLRQ
EUHDNVDQGFRUUHFWHGIRUVLPLODUFLUFXODUYDOXHV HJDQG WRGHULYHDFRQWLQXRXVUHFRUG0$'
YDOXHV ORZHU WKDQ  DUH LQGLFDWLYH RI KLJKTXDOLW\ GLUHFWLRQDO GDWD 6WRQHU 	 6W2QJH  ,Q WKH
DEVHQFH RI D]LPXWKDO RULHQWDWLRQ GXULQJ FRULQJ DQG IRU EHWWHU FRPSDULVRQ ZLWK SUHYLRXVO\ SXEOLVKHG
UHVXOWV WKH GHFOLQDWLRQV ZHUH FRUUHFWHG WR SURYLGH DQ DUELWUDU\ PHDQ GHFOLQDWLRQ RI  RYHU WKH WLPH
LQWHUYDO(VWLPDWLRQRIWKHUHODWLYHSDODHRLQWHQVLW\53,IURPVHGLPHQWVLVREWDLQHGE\QRUPDOL]LQJWKH
PHDVXUHG 150 E\ DQ DSSURSULDWH PDJQHWLF SDUDPHWHU LQ RUGHU WR FRPSHQVDWH IRU WKH YDULDEOH
FRQFHQWUDWLRQRI IHUULPDJQHWLFPLQHUDOV 7DX[H7KH53,FDOFXODWHGIRU WKHGLIIHUHQWFRUHVZHUH
VWDQGDUGL]HG DFFRUGLQJ WR WKHLU PHDQ DQG VWDQGDUG GHYLDWLRQ %DUOHWWD HW DO  &KDQJHV LQ
LQFOLQDWLRQGHFOLQDWLRQDQG53,DUHXVHGLQWKLVVWXG\WRHVWDEOLVKDUHODWLYHVWUDWLJUDSK\E\FRPSDULQJ
RXUQHZUHFRUGVZLWKRWKHULQGHSHQGHQWO\GDWHGSDODHRPDJQHWLFUHFRUGVIURPWKH:HVWHUQ$UFWLF
%XONPDJQHWLFSURSHUWLHV
7KHPDJQHWLF DVVHPEODJHVZHUHGHWHUPLQHGE\PHDVXULQJ WKHK\VWHUHVLVSURSHUWLHV DQG WKHEDFNILHOG
UHPDQHQFH XVLQJ D 0LFUR0DJ  DOWHUQDWLQJ JUDGLHQW IRUFH PDJQHWRPHWHU $*0 IURP 3ULQFHWRQ
0HDVXUHPHQWV&RUSRUDWLRQ%RWKPHDVXUHPHQWVZHUHXVHGWRGHWHUPLQHPDJQHWLFSDUDPHWHUVVXFKDV0V
VDWXUDWLRQPDJQHWL]DWLRQ0UV VDWXUDWLRQ UHPDQHQFH +F EXON FRHUFLYH IRUFH DQG +FU UHPDQHQW
FRHUFLYH IRUFH 7KH0UV0V DQG+FU+F UDWLRV FDQ EH XVHG DV JUDLQVL]H SUR[LHV WKH VRFDOOHG 'D\
SORW DV ZHOO DV WR LGHQWLI\ WKH PDJQHWLF GRPDLQ VWDWH ZKHQ WKH PDLQ UHPDQHQFHFDUULHU PLQHUDO LV
PDJQHWLWH'D\HWDO'XQORSDE
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
3EDQGUDGLRFDUERQDQDO\VLV
,QRUGHU WR VXSSRUW WKH FKURQRVWUDWLJUDSKLF IUDPHZRUNGHULYHG IURP WKHSDODHRPDJQHWLFGDWDZHXVHG
WKUHHUDGLRFDUERQ&GDWHVRIIRUDPLQLIHUDOWHVWVLQFRUHV3&DQG3&DFU\SWRWHSKUDVWXG\LQ
-3&7:& 3RQRPDUHYD HW DO  DQG H[FHVV 3E DJH HVWLPDWLRQ IRU WKH WRS  FP VHGLPHQW LQ
-3&0& ([FHVV 3E PHDVXUHPHQWV ZHUH PDGH E\ FRXQWLQJ WKH DFWLYLW\ RI WKH GDXJKWHU LVRWRSH
3E3EW GD\VD 0H9DWWKH*(2723UHVHDUFKFHQWUH0RQWUpDO&DQDGD1R
IRUDPLQLIHUDZHUHUHFRYHUHGLQFRUH+/<ZKLOHFRQVLGHUDEO\KLJKQXPEHUVRIIRUDPLQLIHUDZHUHRQO\
IRXQG DW   DQG  FP LQ FRUHV 3& DQG 3& UHVSHFWLYHO\ ,Q RUGHU WR FROOHFW VXIILFLHQW
DPRXQWVRIIRUDPLQLIHUDIRUDFFHOHUDWRUPDVVVSHFWURPHWU\$06DQDO\VLVLQWHUYDOVRIWRFPZHUH
VDPSOHG DQG VLHYHG IURPFRUHV3& FPFP DQG3& FP LQERWK WKH
ZRUNLQJDQGDUFKLYHKDOYHV7DEOH$06&PHDVXUHPHQWVZHUHSHUIRUPHGRQPL[HGSODQNWRQLFDQG
EHQWKLF IRUDPLQLIHUD DW %HWD $QDO\WLF ,QF 0LDPL )ORULGD DQG /6&( /DERUDWRLUH GHV 6FLHQFHV GX
&OLPDW HW GH O¶(QYLURQQHPHQW 3DULV )UDQFH 5DGLRFDUERQ DJHV ZHUH FDOLEUDWHG XVLQJ WKH &$/,%
YHUVLRQVRIWZDUH6WXLYHU	5HLPHU±KWWSFDOLERUJFDOLEDQGWKH0DULQHFDOLEUDWLRQ
FXUYH 5HLPHU HW DO  $ VWDQGDUG RFHDQLF UHVHUYRLU DJH RI  \HDUV DQG D UHJLRQDO UHVHUYRLU
FRUUHFWLRQǻ5RI\HDUVZDVDSSOLHGWRWDO\HDUVEDVHGRQWKHDYHUDJHǻ5YDOXHVGHULYHGIURP
WKHGDWHVPHDVXUHGRQILYHPROOXVFVKHOOVFROOHFWHGLQ$PXQGVHQ*XOISULRUWRQXFOHDUWHVWLQJ$QGUHZV
	'XQKLOO0F1HHO\HWDO6FRWWHWDO7KHXVHRIWKLVǻ5YDOXHLVDOVRVXSSRUWHGE\D
FRPSDULVRQ RI SDODHRPDJQHWLF GDWD IRU FRUHV 3& DQG 3&ZLWK RWKHUZHOO
GDWHG1RUWKHUQ+HPLVSKHUHSDODHRPDJQHWLFUHFRUGV%DUOHWWDHWDO
$JHPRGHOOLQJ
7KHQRQOLQHDUUHODWLRQEHWZHHQUDGLRFDUERQDQGFDOHQGDUWLPHVFDOHVRIWHQFDXVHVVLQJOHFDOLEUDWHG&
DJHVWRKDYHYHU\ODUJHDQGVRPHWLPHVGLVSDUDWHUDQJHVRISRVVLEOHFDOHQGDUDJHV<HORIIHWDO
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0RUHRYHU WKH DJH±GHSWK PRGHO FRQVWUXFWHG XVLQJ D OLQHDU LQWHUSRODWLRQ EHWZHHQ WKH GDWHG OHYHOV
DVVXPHVWKDWDEUXSWFKDQJHVLQDFFXPXODWLRQUDWHVWRRNSODFHH[DFWO\DWWKHGDWHGGHSWKV$OWKRXJKWKLV
DVVXPSWLRQLVRIWHQOLNHO\WREHZURQJOLQHDULQWHUSRODWLRQIUHTXHQWO\SURGXFHVVHHPLQJO\SODXVLEOHDJH±
GHSWKPRGHOV%ODDXZ,QWKLVSDSHUWKH5VRIWZDUHSDFNDJH%$&21%ODDXZ	&KULVWHQ
ZDVXVHGWRSURGXFHWKH³EHVWILW´OLQHDUO\LQWHUSRODWHGDJHPRGHOV%$&21XVHVD%D\HVLDQDSSURDFKWR
HVWLPDWHWKHEHVWILWRUZHLJKWHGPHDQDJHIRUHDFKGHSWKZLWKDFRQILGHQFHLQWHUYDOWKDWDOORZVXV
WR FDOLEUDWH VLQJOH UDGLRFDUERQ DJHV DQG WDNH LQWR DFFRXQW RWKHU FKURQRVWUDWLJUDSKLFPDUNHUV VXFK DV
FU\SWRWHSKUDDQGSDODHRPDJQHWLFWLHSRLQWV
5HVXOWV
6WUDWLJUDSK\
7KH FRUUHODWLRQ RI WKH SK\VLFDO DQGPDJQHWLF SDUDPHWHUVPHDVXUHG RQ WKH SLVWRQ FRUHV 3& DQG WKHLU
FRPSDQLRQ WULJJHUZHLJKW FRUHV 7:& VXJJHVWV WKDW DERXW DQG FPRI VHGLPHQWVZHUH ORVW
GXULQJSLVWRQFRULQJDW WKH WRSRIFRUHV-3&3&DQG3& UHVSHFWLYHO\7KHUHIRUHDFRPSRVLWH
VXFFHVVLRQKDVEHHQFRQVWUXFWHGIRUFRUH-3&XVLQJ WKH7:&DQG-3&GDWD LQRUGHU WRREWDLQD IXOO
UHFRQVWUXFWLRQRISDODHRPDJQHWLFYHFWRUV)LJ1RWHWKDWPVHGLPHQWDUHPLVVLQJEHWZHHQVHFWLRQ
DQGRI+/<-3&GXULQJFRULQJRSHUDWLRQ'DUE\HWDO+RZHYHUWKLVVWXG\RQO\IRFXVHVRQ
WKHILUVWWZRVHFWLRQVRIWKH-3&6LPLODUO\WKHPLVVLQJVHGLPHQWDWWKHWRSRIFRUHV3&DQG3&
ZDVWDNHQLQWRDFFRXQWDQGDOOGHSWKVDUHKHUHDIWHUH[SUHVVHGDVFRUUHFWHGGHSWKV:HQRWHWKDWPDWFKLQJ
RISLVWRQDQGWULJJHUFRUHVLVLQHYLWDEO\DSSUR[LPDWHGXHWRSRWHQWLDOO\GLIIHUHQWFRPSUHVVLRQH[WHQVLRQ
RIVHGLPHQWLQLQGLYLGXDOFRUHV
$FFRUGLQJ WR WKH YLVXDO GHVFULSWLRQ FRUH -3& FDQ EH VXEGLYLGHG LQWR WZRPDLQ OLWKRORJLFDO
XQLWV)LJ8QLW,,±FPFRQVLVWVRIODPLQDWHGEURZQWRJUH\0XQVHOOFRORXU<VLOW\
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

PXGV ZLWK GURSVWRQHV W\SLFDO RI SRVWJODFLDO VHGLPHQWV RQ WKH &KXNFKL$ODVNDQPDUJLQ 'DUE\ HW DO
 %DUOHWWD HW DO   /LVp3URQRYRVW HW DO  ,Q DGGLWLRQ WKH VHGLPHQW FRQWDLQV
QXPHURXVEODFNVSHFNOHVWKURXJKRXWWKDWDUHOLNHO\LURQVXOSKLGHV%UDFKIHOGHWDO/LVp3URQRYRVW
HWDO
$VLJQLILFDQWFKDQJHLQDOOWKHSK\VLFDODQGPDJQHWLFSDUDPHWHUVRFFXUVDWFPFRUUHVSRQGLQJ
WRWKHERXQGDU\ZLWK8QLW,:HDOVRREVHUYHGDVPDOOGHFUHDVHIRUWKHPHDQJUDLQVL]HIURPWRP
)LJ/LWKRORJLFDOXQLWV,DDQG,EPDLQO\FRPSULVHKRPRJHQRXVVLOW\PXGDQGWKHRQO\GLIIHUHQFHLV
UHODWHGWRDVOLJKWFKDQJHLQVHGLPHQWFRORXU8QLW,DLVJUH\<DQG8QLW,ELVROLYHJUH\<
)LJ  7KLV OLWKRVWUDWLJUDSKLF XQLW KDV EHHQ LGHQWLILHG LQ WKH VWXG\ DUHD DV+RORFHQHPDULQH GHSRVLW
UHVXOWLQJIURPDFRPELQDWLRQRIVHGLPHQWGULIWDQGLFHUDIWHGPDWHULDO'DUE\3RO\DNHWDO
'DUE\HWDO
$EXQGDQW FU\SWRWHSKUDV ZHUH FRXQWHG LQ WKH XSSHU SDUW RI FRUH -3& ZLWK WKH PDLQ SHDN
LGHQWLILHGDWFPLQWKHFRPSRVLWHVHTXHQFH)LJ%DVHGRQJHRFKHPLFDOFRPSRVLWLRQLQFOXGLQJ
PDMRU WUDFH DQG UDUH HDUWK HOHPHQWV ERWK GDFLWLF DQG DQGHVLWLF SRSXODWLRQV RI JODVVHV KDYH VLPLODU
SDWWHUQVWREXONDQDO\VHVRIGDFLWLFDQGDQGHVLWLFWHSKUDVRIWKH$QLDNFKDN,,HUXSWLRQLQVRXWKHUQ$ODVND
3RQRPDUHYDHWDO93RQRPDUHYDSHUVFRPP7HSKUDOD\HUVZLWKDVLPLODUJHRFKHPLFDO
FRPSRVLWLRQKDYHEHHQUHSRUWHGIURPODNHFRUHVLQ$ODVND.DXIPDQHWDOHDVWHUQ&DQDGD3\QH
2
'RQQHOO*UHHQODQG*5,3DQG1*5,3 LFHFRUHV 3HDUFH HWDO&RXOWHU HWDODQG
ZHVWHUQ&KXNFKL6HD3HDUFHHWDODQGZHUHGDWHGWRaFDOND%3
%DVHGRQ&7VFDQLPDJLQJRIFRUH3&GHQVLW\JUDGXDOO\GHFUHDVHVWKURXJKRXWWKHFRUHDORQJ
ZLWKWKHWUDQVLWLRQIURPODPLQDWHGVHGLPHQWDWWKHEDVHWRKRPRJHQRXVVHGLPHQWDWWKHWRSZKLFKDOORZV
XVWRVXEGLYLGHLWLQWRWKUHHPDLQOLWKRORJLFDOXQLWV)LJ'HVSLWHWKHOLWKRORJLFDOFKDQJHVWKHPHDQ
JUDLQVL]HLVTXLWHFRQVWDQWDORQJFRUH3&aP)LJ,Q8QLW,,,IURPWKHEDVHWRFPWKH
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

VHGLPHQWVDUHFKDUDFWHUL]HGE\ODPLQDWHGROLYHJUH\<ILQHPXGV/LNHZLVHQXPHURXVGDUNHU<
ODPLQDWLRQVRFFXULQWKLVXQLWEHWZHHQDQGFP7KHPLGGOHSDUWRI8QLW,,,KDVEHHQGDWHG
WRFDOD%37DEOH)LJ6LPLODUODPLQDWLRQVKDYHDOVREHHQREVHUYHGLQVHGLPHQWFRUHVIURP
WKH$ODVNDQVKHOI$QGUHZV	'XQKLOODQG0DFNHQ]LH7URXJK6FKHOOHWDODQGLQWHUSUHWHG
DV WKHUHVXOWRI LQFUHDVHGZDWHUFROXPQVWUDWLILFDWLRQUHODWHGWRGHJODFLDOHQYLURQPHQWVGDWHGWRDURXQG
FDOD%3LQ6FKHOOHWDO%HWZHHQDQGFP8QLW,,WKHVHGLPHQWVDUHUHSUHVHQWHG
E\DJUDGXDO OLWKRORJLFDO WUDQVLWLRQRIROLYHJUH\ < ODPLQDWHGPXGWRGDUNJUH\<IDLQWO\
ODPLQDWHGPXG7KHXSSHUSDUWRI8QLW,,KDVEHHQGDWHGWRFDOD%37DEOH)LJ)URPWR
FP8QLW,VHGLPHQWVFRQVLVWRIKRPRJHQHRXVGDUNJUH\<PXGWRROLYHEURZQ<
PXG
3&&7VFDQLPDJLQJLVTXLWHVLPLODUWRFRUH3&ZLWKDGHFUHDVHLQGHQVLW\DVVRFLDWHGZLWK
ODPLQDWHGVHGLPHQWVJUDGLQJLQWRKRPRJHQHRXVVHGLPHQWVIURPWKHEDVHWRWKHWRSRIWKHFRUH)LJ
+RZHYHUWZRDGGLWLRQDOPDMRUKLJKGHQVLW\LQWHUYDOVDVVRFLDWHGZLWKDJUDLQVL]HLQFUHDVHIURPWR
PFDQEHREVHUYHGEHWZHHQDQGFP,5'DQGEHWZHHQDQGFP,5')LJ)RU
VHGLPHQWFRUH3&WKHVHGLPHQWVFRQVLVWRIGDUNJUH\<PXGZLWKODPLQDWLRQVRQWKH&7VFDQ
LPDJLQJEHWZHHQWRFPDVZHOODVIURPFPWRWKHEDVHRIWKHFRUH8QLW,,)LJ)URP
WRFP8QLW,LWFRQVLVWVRIKRPRJHQHRXVROLYHEURZQ<WRGDUNJUH\<VLOWZLWKD
PHDQJUDLQ VL]H UDQJLQJ IURP WRP)LJ7KHEDVHRI8QLW ,KDYHEHHQGDWHGFDO D%3
7DEOH)LJ,5'OD\HUVDQGKDYHDOVREHHQLGHQWLILHGLQWKHQHDUE\FRUH3&6FRWW
HWDODQGGDWHG WRDQGFDO D%3 UHVSHFWLYHO\ )LJ6)XUWKHUPRUH WKHZKLWH
FODVWV LQ GHJODFLDO VHGLPHQWV IURP WKLV UHJLRQ ZHUH SUHYLRXVO\ UHFRJQLVHG WR EH GHWULWDO FDUERQDWH
GRORPLWH WUDQVSRUWHG DV ,5' IURP WKH&DQDGLDQ$UFWLF$UFKLSHODJR GXULQJ WKH GLVLQWHJUDWLRQ RI WKH
/DXUHQWLGH ,FH 6KHHW 3RO\DN HW DO  6FRWW HW DO  6LPLODU GRORPLWLF FODVWV ZHUH IRXQG LQ
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

JODFLDOGHJODFLDO LQWHUYDOV LQ VHGLPHQWFRUHVDFURVV WKHHQWLUHZHVWHUQ$UFWLF2FHDQ 3KLOOLSV	*UDQW]
3RO\DNHWDO6FRWWHWDO+LOODLUH0DUFHOHWDO
3EDQGFDUERQGDWDFRUH0&
1R HYLGHQFH RI FRUUHODWLRQ FDQ EH LGHQWLILHG EHWZHHQ FRUHV 0& DQG 7:& E\PHDQV RI RSWLFDO
SURSHUWLHVZKLFKFRXOGLQGLFDWHPLVVLQJVHGLPHQWIURPWKHWRSRIFRUH7:&)LJ62QWKHRWKHU
KDQG WKH 3E SURILOH IRU 0& LOOXVWUDWHV D FOHDU H[SRQHQWLDO GHFUHDVH LQ WKH WRS  FP WKHQ DQ
LQFUHDVLQJWUHQGDWFPLQWKHVHGLPHQW)LJ67KHLQFUHDVHLQXQVXSSRUWHG3EDWFPFDQEH
H[SODLQHGE\DQDFFXPXODWLRQRIRUJDQLFPDWWHUDWWKLVGHSWKVKRZQE\WKH&RUJSURILOHLQ)LJ67KH
PLQLPDOYDOXH LQ WKHREVHUYHGVXSSRUWHG3E LVGSPJ )LJ6 FRQVLVWHQWZLWK WKH±GSPJ
YDOXHV UHSRUWHG IRU WKH %HDXIRUW 6HD  6FRWW HW DO  %ULQJXp 	 5RFKRQ  7KH QHSHULDQ
ORJDULWKPRIWKHH[FHVV3ESORWWHGDJDLQVWGHSWKLQFRUH0&LQGLFDWHVDQDYHUDJHVHGLPHQWDWLRQUDWH
RIFPND)LJ6
0DJQHWLFPLQHUDORJ\
7KHSVHXGR6UDWLR6W2QJHHWDOLQFRUH-3&LVFORVHWRZLWKDPHDQYDOXHRIIRU8QLW,
DQGIRU8QLW,,VHGLPHQW7KHSVHXGR6UDWLRLVVLPLODUIRUWKHGLIIHUHQWOLWKRORJLFDOXQLWVIRUFRUHV
3&DQG3&ZLWKPHDQYDOXHVRIDQGUHVSHFWLYHO\7KHVHYDOXHVFORVHWRLQGLFDWH WKDW
VDWXUDWLRQ RI WKHPDJQHWLF DVVHPEODJH LV DFKLHYHG LQ D 7 ILHOGZKLFK LV W\SLFDO RI ORZFRHUFLYLW\
PLQHUDOVVXFKDVPDJQHWLWHDQGRU WLWDQRPDJQHWLWH6WRQHU	6W2QJH)LJ)XUWKHUPRUH WKH
VKDSH RI WKH K\VWHUHVLV FXUYHV IURP WKH WKUHH VHGLPHQW FRUHV )LJ $ LV DOVR FKDUDFWHULVWLF RI ORZ
FRHUFLYLW\IHUULPDJQHWLFPLQHUDOVOLNHPDJQHWLWH7DX[HHWDO
7KH0')150YDOXHVDUHFRQWLQXRXVIRUOLWKRORJLFDO8QLW,,PHDQYDOXHRIP7DQGLQFUHDVH
LQ8QLW ,ZLWKDPHDQYDOXHRIP7 LQFRUH+/< )LJ ,QFRUH3& WKH0')150YDULHV
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
WKURXJKRXWWKHFRUHEXWLQFUHDVHVIURP8QLW,,,WR8QLW,,DURXQGWRP7)LJ,QFRUH3&
WKH0')150UDQJHVZLGHO\IURPWRP7EHWZHHQWKHEDVHDQGFP8QLW,,DQGLVWKHQVWDEOH
IURP FP WR WKH WRS RI WKH FRUH 8QLWV ,, DQG ,+RZHYHU WKHPHDQ YDOXHV RI WKRVH WZRGLVWLQFW
SDWWHUQVDUHVLPLODUDQGP7UHVSHFWLYHO\)LJ0')150YDOXHVUDQJLQJIURP±P7
VXJJHVW WKH SUHVHQFH RI ORZFRHUFLYLW\ PLQHUDOV VXFK DV PDJQHWLWH DQGRU WLWDQRPDJQHWLWH 'DQNHUV
$VWKHPHDQSVHXGR6UDWLRYDOXHLQXQLW,,RIFRUH3&IURPWKHEDVHWRFPLVYHU\VWDEOHDW
 WKH KLJKHU IUHTXHQF\ YDULDWLRQV LQ WKLV LQWHUYDO DUH OLNHO\ UHODWHG WR JUDLQ VL]H YDULDWLRQV RI WKH
PDJQHWLFJUDLQV,QVXPPDU\WKHUHVXOWVLQGLFDWHWKDWPDJQHWLWHDQGRUWLWDQRPDJQHWLWHLVWKHGRPLQDQW
PDJQHWLFPLQHUDOWKURXJKRXWWKHFRUHVXQGHUVWXG\
0DJQHWLFJUDLQVL]HDQGFRQFHQWUDWLRQ
7KH150$50 ,50 DQG6,50 DUH VLJQLILFDQWO\KLJKHU LQ8QLW , WKDQ LQ8QLW ,, LQ
FRUH -3& VXJJHVWLQJ DQ LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI IHUULPDJQHWLFPLQHUDOV )LJ 8QLW ,, LV
FKDUDFWHUL]HGE\DZHDNHUN$50N/)UDWLRFRUUHVSRQGLQJWRFRDUVHUPDJQHWLFJUDLQV)LJ7KHSUHVHQFH
RIFRDUVHUPDJQHWLFJUDLQV LVFRQILUPHGE\ WKHN$50YVN/)GLDJUDPZLWK WKHSUHVHQFHRIPDJQHWLWHDW
P IRU8QLW , DQG DW  WR P IRU8QLW ,, )LJ &(YHQ WKRXJK WKHVH UHIHUHQFH OLQHVZHUH
REWDLQHG IRU V\QWKHWLF PDJQHWLWH JUDLQV WKH\ DUH XVHIXO WR LGHQWLI\ GLIIHUHQW VHGLPHQWDU\ XQLWV
)XUWKHUPRUHWKH0UV0VDQG+FU+FYDOXHVEHWZHHQ±DQG±UHVSHFWLYHO\PDWFKWKHSVHXGR
VLQJOHGRPDLQ36'PDJQHWLWH'D\HWDO'XQORSDE)LJ%
150$50,50DQG6,50LQFRUH3&DUHTXLWHFRQVWDQWLQ8QLW,,,DQGVKRZ
VHYHUDOSHDNVLQ8QLWV,,DQG,DVVRFLDWHGZLWKKLJKHUN/)YDOXHVFRUUHVSRQGLQJWRKLJKHUFRQFHQWUDWLRQV
RIIHUULPDJQHWLFPLQHUDOV)LJ7KHN$50N/)UDWLRLQFUHDVHVXSFRUHVXJJHVWLQJILQHUPDJQHWLFJUDLQV
)LJ$OWKRXJKFRQFHQWUDWLRQVRI IHUULPDJQHWLFPLQHUDOVYDU\ WKURXJKRXW WKHFRUH WKHN$50 YVN/)
GLDJUDPLQGLFDWHVWKHSUHVHQFHRIPDJQHWLWHPIRU8QLWV,DQG,,DQGEHWZHHQWRPIRU8QLW
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
,,, )LJ &7KH0UV0VDQG+FU+F UDWLRV IRU FRUH3&DUH UHODWHG WR D ILQHUPDJQHWLF JUDLQ VL]H
36'UDQJH)LJ%
7KHN$50N/)UDWLRIRUFRUH3&LVKLJKHULQ8QLW,FRPSDUHGWR8QLW,,DQGLVTXLWHFRQVWDQWLQ
8QLW ,, FRUUHVSRQGLQJ WR FRDUVHU PDJQHWLF JUDLQV 7KH PDJQHWLF FRQFHQWUDWLRQ SDUDPHWHUV LQFUHDVH
GXULQJ ,5' LQWHUYDOV  DQG  DVVRFLDWHG ZLWK D VOLJKW GHFUHDVH LQ WKH N$50N/) UDWLR )LJ  7KHVH
UHVXOWV LPSO\ KLJKHU PDJQHWLF FRQFHQWUDWLRQV DVVRFLDWHG ZLWK ILQHU PDJQHWLF JUDLQ VL]H WKDQ LQ WKH
UHPDLQGHURI8QLW ,$FFRUGLQJ WR WKHN$50YVN/) GLDJUDP8QLW , VHGLPHQWV DUH UHODWHG WRPDJQHWLWH
JUDLQVVPDOOHUWKDQPZKHUHDVVHGLPHQWVIURP8QLW,DUHUHODWHGWRPDJQHWLFJUDLQVODUJHUWKDQ
P6HGLPHQWVIURP,5'LQWHUYDOVDQGVKRZDZLGHVFDWWHULQJLQWKHWRPUDQJH)LJ&
7KHK\VWHUHVLVFXUYHVDQGWKH'D\SORWLQGLFDWHWKDWWKHPDJQHWLFPLQHUDORJ\RI8QLWV,DQG,,LVPRVWO\
GRPLQDWHG E\ 36' PDJQHWLWH 2QH VDPSOH LQ ,5' LQWHUYDO  LV UHODWHG WR D PL[WXUH RI VLQJOH
GRPDLQPXOWLGRPDLQ6'0'JUDLQV)LJ%
1DWXUDOUHPDQHQWPDJQHWL]DWLRQ
7KHYHFWRUHQGSRLQWGLDJUDPV=LMGHUYHOGUHYHDOWZRPDJQHWLFFRPSRQHQWVDYLVFRXVUHPDQHQW
PDJQHWL]DWLRQFRPSRQHQWHDVLO\UHPRYHGDIWHUGHPDJQHWL]DWLRQDWP7IRUFRUHV3&DQG3&DQG
P7IRUFRUH-3&DQGDVWURQJVWDEOHFKDUDFWHULVWLFUHPDQHQWPDJQHWL]DWLRQ&K50)LJ6
7KHPD[LPXPDQJXODUGHYLDWLRQ0$'YDOXHVDUHORZHUWKDQLQ8QLW,LQDOOFRUHVDQGLQFUHDVH
WRDURXQGLQ8QLW,,LQFRUH-3&,QFRUH3&WKH0$'YDOXHVUHDFKDPD[LPXPDURXQGLQ
8QLW,,EXWDUHORZHUWKDQIURPWKHHQGRI,5'LQWHUYDODURXQGFPWRWKHWRSRIWKHFRUH)LJ
 ,QFRUH3&WKH0$'YDOXHVDUH ORZHUWKDQIRUPRVWRI WKHFRUHDQGLQFUHDVHWRDURXQGDW
DURXQGFPZKLFKLVVWLOOLQGLFDWLYHRIJRRGTXDOLW\GDWD6WRQHU	6W2QJH)XUWKHUPRUHWKH
&K50LVH[SHFWHGWRIOXFWXDWHDURXQGWKHLQFOLQDWLRQEDVHGRQDJHRFHQWULFD[LDOGLSROH*$'PRGHO
IRUWKHFRULQJVLWHODWLWXGHZKLFKLVIRUFRUHV3&DQG3&DQGIRUFRUH-3&)LJ7R
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
VXPPDUL]HWKHWKUHHVHGLPHQWFRUHVDUHFKDUDFWHUL]HGE\DVWURQJZHOOGHILQHG&K50FDUULHGE\ORZ
FRHUFLYLW\ 36'PDJQHWLWH H[FHSW LQ WKH FRDUVHU LQWHUYDOV RI XQLW ,, LQ FRUHV -3& DQG 3& DQG DW
VHFWLRQEUHDNVIRUDOOFRUHVKLJKOLJKWHGDUHDVLQ)LJ7KH,5'VLQWHUYDOVLQFRUH3&DUHVWURQJO\
DIIHFWHG E\ WKH KLJKHUPDJQHWLF FRQFHQWUDWLRQ VKRZQ E\ N/) )LJ  DQG WKH FRDUVHUPDJQHWLF JUDLQ
VKRZQE\N$50YVN/) GLDJUDP)LJ &7KHVH FRDUVHU LQWHUYDOVZHUHQRWXVHG LQRXU369DQG53,
UHFRQVWUXFWLRQV
5HODWLYHSDODHRLQWHQVLW\53,GHWHUPLQDWLRQ
$FFRUGLQJWRPXOWLSOHVWXGLHV/HYL	%DQHUMHH7DX[H7DX[H	<DPD]DNLVHYHUDO
FULWHULDPXVWEHVDWLVILHGWRYDOLGDWHWKHUHOLDELOLW\RIWKH53,SUR[LHV7KH150PXVWEHFKDUDFWHUL]HG
E\ D VWURQJ VWDEOH6'36'FRPSRQHQWPDJQHWL]DWLRQFDUULHGE\PDJQHWLWH LQ WKH±PJUDLQVL]H
UDQJH ,Q RUGHU WR GHWHUPLQH WKH 53, WKH 150 VKRXOG EH QRUPDOL]HG E\ DQ DSSURSULDWH PDJQHWLF
SDUDPHWHU WRFRPSHQVDWH IRU WKHYDULDWLRQ LQ IHUULPDJQHWLFPLQHUDO FRQFHQWUDWLRQV7KH53,FDQQRWEH
FRUUHODWHGZLWKLWVQRUPDOL]HURUZLWKDQ\RIWKHOLWKRORJLFDOSUR[LHV%DVHGRQWKHUHVXOWVLQWKHVHFWLRQV
DERYHWKHUHTXLUHGFULWHULDIRU53,UHFRQVWUXFWLRQKDYHEHHQIXOILOOHGIRUFRUHVXQGHUVWXG\
7KHDYHUDJHRIWKHGHPDJQHWL]DWLRQVWHSVRIWRP7VWHSVIRUFRUH+/<DQGWR
P7VWHSVIRUFRUHV3&DQG3&ZDVXVHGIRU$50DQG,50DVQRUPDOL]HUV)LJ%N/)ZDV
QRW XVHG KHUH EHFDXVH LW LV QRW RQO\ LQIOXHQFHG E\ FRQFHQWUDWLRQ DQG JUDLQVL]H FKDQJHV EXW DOVR E\
FRDUVH0'JUDLQVDQGE\ERWKGLDPDJQHWLFDQGSDUDPDJQHWLFPDWHULDO ,QRUGHUWRLGHQWLI\WKHFRUUHFW
QRUPDOL]HUWZRGLIIHUHQWQRUPDOL]DWLRQPHWKRGVZHUHFRPSDUHGIRUHDFKSDODHRLQWHQVLW\HVWLPDWH7KH
DYHUDJH UDWLR PHWKRG LV ZLGHO\ XVHG &KDQQHOO HW DO   6WRQHU HW DO  6W2QJH HW DO
DQG LVEXLOWE\DYHUDJLQJ WKHQRUPDOL]HG150DWGLIIHUHQWGHPDJQHWL]DWLRQVWHSV7KHSVHXGR
7KHOOLHUPHWKRGRU WKH VORSHPHWKRG 7DX[H HWDO &KDQQHOO 6QRZEDOO	6DQGJUHQ
;XDQ	&KDQQHOOXVHVWKHVORSHRIWKH150YHUVXVWKHQRUPDOL]HUDWGLIIHUHQWGHPDJQHWL]DWLRQ
Page 57 of 100 Boreas
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Review
 O
nly


VWHSV7KHWZRPHWKRGVJLYHVLPLODUUHVXOWVIRU150$50)LJ$DQGWKH150,50QRWVKRZQ
7KH FRUUHODWLRQ FRHIILFLHQWV U FDOFXODWHG IURP WKH VORSHPHWKRG DUH KLJK H[FHSW IRU8QLW ,, LQ FRUH
3&
)RU FRUH-3& WKH$50DQG ,50DVQRUPDOL]HUV VKRZ WKH VDPHYDULDWLRQV IRUERWKPHWKRGV
VXJJHVWLQJ WKDW WKH $50 DQG WKH ,50 DFWLYDWH WKH VDPH PDJQHWLF DVVHPEODJHV )LJ $ % 7KH
GLIIHUHQFH EHWZHHQ$50DQG ,50 DV QRUPDOL]HUV LV KLJKOLJKWHG LQ )LJ $ 7KHVH GLIIHUHQFHV RFFXU
EHWZHHQDQGFPLQFRUH3&DQGLQWKH,5'LQWHUYDOVLQFRUH3&DQGWKXVLQGLFDWHWKDWWKH
JUDLQVDFTXLULQJWKH$50PRUHFORVHO\PDWFKWKHFRHUFLYLW\RIWKHJUDLQVFDUU\LQJWKH1507KLVLVDOVR
LOOXVWUDWHGE\ ORRNLQJDW WKHGHPDJQHWL]DWLRQEHKDYLRXURI150$50DQG ,50IRU WKH VHGLPHQWDU\
UHFRUGZKHUH$50EHWWHUPDWFKHVWKHFRHUFLYLW\VSHFWUDRIWKH150WKDQ,50)LJ%
7KH150$50P7DUHQRWFRUUHODWHGZLWKWKH$50U IRUFRUH-3&)LJ&
&RPSDUDWLYHO\WKH150$50P7LQFRUH3&VKRZVDFRUUHODWLRQLQ8QLW,,,U EXWQRW
LQ WKHUHPDLQLQJVHGLPHQWU )LJ&)RU3&WKH UDWLR150$50P7GLGQRWVKRZ
DQ\FRUUHODWLRQZLWK WKHQRUPDOL]HU LQ8QLW , UEXWGRHV VKRZDFRUUHODWLRQ LQ8QLW ,, U
)LJ&7KH53,FDOFXODWHGEHWZHHQDQGFPLQFRUH3&DQGGXULQJWKH,5'LQWHUYDOV
LQFRUHV3&DUHFRUUHODWHGZLWKWKHQRUPDOL]HGSDUDPHWHU$50LQGLFDWLQJWKH53,FDQQRWEHXVHGWR
GHWHUPLQHFKURQRVWUDWLJUDSKLFPDUNHUVDWWKHVHLQWHUYDOV
)LQDOO\ $50 ZDV FKRVHQ DV WKH SUHIHUUHG QRUPDOL]HU IRU FRUHV 3& DQG 3& IRU UHDVRQV
GHVFULEHGEHORZDQGIRUFRUH-3&EDVHGRQLWVSRWHQWLDOWRDFWLYDWHRQO\6'DQG36'JUDLQV/HYL	
%DQHUMHH
0DJQHWLFSURSHUWLHVRIWKHVHGLPHQWVLQWKH&KXNFKLDQG%HDXIRUWVHDV
7RLOOXVWUDWHWKHYDULDELOLW\RIWKHPDJQHWLFSURSHUWLHVDORQJDZHVWHDVWWUDQVHFWIURPWKH&KXNFKL6HDWR
WKH%HDXIRUW6HDWKH\DUHSULPDULO\SORWWHGDVDER[SORW)LJ6$PRQJWKHPRVWYLVLEOHSDWWHUQVWKH
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
SVHXGR6UDWLRKHPDWLWHPDJQHWLWHSURSRUWLRQLVFORVHWRDORQJWKH1RUWK$PHULFDQPDUJLQIRUERWK
WKH +RORFHQH DQG GHJODFLDO LQWHUYDOV 7KH VHFRQG SDWWHUQ LV OLQNHG WR WKH JUDLQ VL]H 7KH 150
$50DQGN$50N/)PDJQHWLFJUDLQVL]HDQGFRQFHQWUDWLRQPHDQYDOXHVDUHTXLWHVLPLODUEHWZHHQ
WKH&KXNFKLDQG%HDXIRUWVHDVIRUWKHGHJODFLDOVHGLPHQWV150YV$P$50
YV$PN$50N/)YVUHVSHFWLYHO\ZKHUHDVPHDQ+RORFHQHYDOXHVDUHKLJKHUIRUWKH
&KXNFKL6HDWKDQWKH%HDXIRUW6HD)LJ6
7KHER[SORWVKRZVWKDWPDJQHWLFJUDLQVL]HGLVSOD\HGVWURQJYDULDWLRQVLQFHWKHODVWGHJODFLDWLRQ
7KHPDJQHWLFJUDLQVL]HN$50N/)UDWLRGHFUHDVHVJHQHUDOO\IURPWKHGHJODFLDOXQLWWRWKH+RORFHQHLQ
FRUHV ORFDWHG ERWK DW WKH %HDXIRUW DQG &KXNFKL PDUJLQV )LJ  +RZHYHU VRPH GLIIHUHQFHV DUH
GLVFHUQDEOHEHWZHHQWKHFRUHV7KHN$50N/)UDWLRLQFUHDVHVUHVSHFWLYHO\IURPWRDQGIURPWRLQ
FRUHV IURP WKH VKDOORZHVW -3& DQG -3& DQG GHHSHVW -3& DQG -3& &KXNFKL 6HD VLWHV
&RPSDUDWLYHO\ WKHN$50N/)UDWLR LQFUHDVHV IURPWRLQDOOFRUHVIURPWKH%HDXIRUWPDUJLQ7KHVH
REVHUYDWLRQV LPSO\ L VLPLODUPDJQHWLFJUDLQ VL]HGXULQJ WKHGHJODFLDWLRQDWERWKPDUJLQV LL FRDUVHU
PDJQHWLF JUDLQV IRU WKH GHHSHU FRULQJ VLWHV DQG ILQHU PDJQHWLF JUDLQV IRU WKH VKDOORZHU VLWHV DW WKH
&KXNFKLPDUJLQGXULQJWKH+RORFHQHDQGLLLJHQHUDOO\FRDUVHUPDJQHWLFJUDLQVDWWKH%HDXIRUWPDUJLQ
GXULQJWKH+RORFHQH
'LVFXVVLRQ
3DODHRPDJQHWLFGDWLQJ
(VWDEOLVKLQJFKURQRVWUDWLJUDSK\LQWKH$UFWLFLVFKDOOHQJLQJEXWWKHFRPELQHGXVHRIUDGLRFDUERQGDWLQJ
ZLWK369UHODWLYHSDODHRLQWHQVLW\DQGJHRPDJQHWLFILHOGPRGHORXWSXWVRIIHUVDVWHSIRUZDUG%DUOHWWD
HW DO  6W2QJH	 6WRQHU  7KH 369 DQG UHODWLYH SDODHRLQWHQVLW\ UHFRUGV RI FRUHV -3&
3& DQG 3& ZHUH FRPSDUHG ZLWK WKH SULRU SDODHRPDJQHWLF UHFRUGV IURP WKH &KXNFKL -3&
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
-3&-3&-3&%DUOHWWDHWDO/LVp3URQRYRVWHWDO'DUE\HWDO/XQGHWDO
DQG%HDXIRUWVHDV3&3&%DUOHWWDHWDO)LJ7KHFKURQRORJ\RI WKHVH
FRUHV ZDV GHWHUPLQHG XVLQJ D FRPELQDWLRQ RI UDGLRFDUERQ DJHV ZLWK SDODHRPDJQHWLF WLH SRLQWV DQG
FRUURERUDWHG E\ JHRPDJQHWLFPRGHO RXWSXWV 7DEOH 6$OO WKHVH FRUHV VKRZ VLPLODU GLUHFWLRQDO DQG
UHODWLYHSDODHRLQWHQVLW\IHDWXUHVWKDWFDQEHFRUUHODWHGRQDUHJLRQDOVFDOH&RUHV3&DQG-3&ZHUH
DOVRXVHGWRDGGWLHSRLQWVIRUWKHDJHPRGHORIFRUH-3&'DUE\HWDO
2XUUHFRUGVVKRZVLPLODULWLHVZLWKRWKHUPDULQHUHFRUGVIURPWKH&KXNFKLDQG%HDXIRUWVHDVDQG
DOVRZLWK WKH&$/6NPRGHORXWSXW IRU WKH ODWLWXGHRI WKH VLWH .RUWH HWDO DQGDOORZIRUDQ
LGHQWLILFDWLRQRIWLHSRLQWVLQWRWDO)LJ7DEOH1LQHWLHSRLQWVKDYHEHHQLGHQWLILHGLQWKLVVWXG\
LQFOXGLQJ  FRPPRQ IHDWXUHV IRU LQFOLQDWLRQ  FRPPRQ IHDWXUHV IRU GHFOLQDWLRQ DQG 53, FRPPRQ
IHDWXUHV)RXURIWKHLQFOLQDWLRQWLHSRLQWV,WR,KDYHEHHQXVHGLQHDUOLHUVWXGLHVIRUWKHLQFOLQDWLRQ
UHFRUGVEHWZHHQDQGFDOD%3/LVp3URQRYRVWHWDO%DUOHWWDHWDOE7ZRRIWKH
GHFOLQDWLRQIHDWXUHVKDYHDOVREHHQREVHUYHGLQWKH&KXNFKLFRUHVRQHPLQLPXP'FDOD%3
DQG D PD[LPXP '  FDO D %3 LQ %DUOHWWD HW DO  DQG /LVp3URQRYRVW HW DO 
)XUWKHUPRUH 53, WLH SRLQW 3 ZDV XVHG LQ /LVp3URQRYRVW HW DO  IRU FRUHV IURP WKH &KXNFKL
PDUJLQ$OO WLH SRLQWV DUH SUHVHQWHG LQ7DEOH  DQG WKHPHDQ DQG VWDQGDUG GHYLDWLRQ DJHV ıZHUH
FDOFXODWHGXVLQJWKHDJHRIWKHLGHQWLILHGWLHSRLQWVIRUWKHFRPSDUDWLYHFRUHV
$JHPRGHOOLQJ
$JHPRGHOVZHUHILUVWJHQHUDWHGXVLQJWKHQRQSDODHRPDJQHWLFGDWD&DJHVLQFRUHV-3&DQG-3&
IURP WKH%HDXIRUW 6HD DQG WKH WHSKUD SHDN LQ FRUH -3& IURP WKH&KXNFKL 6HD )LJ $ DQG WKHQ
LPSURYHGE\DGGLQJSDODHRPDJQHWLFWLHSRLQWV)LJ%$FRQVWDQWOLQHDUVHGLPHQWDWLRQUDWHRIFP
NDZDVDVVXPHG IRU WKH OLWKRORJLFDOO\KRPRJHQRXVaFP ORQJXSSHUXQLWRI-3&EDVHGRQ WKH
3EGDWDIURP0&)LJ$7KLV LQLWLDODJHPRGHOZDVWKHQLPSURYHGXVLQJDVWUDWLJUDSK\EDVHG
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
%D\HVLDQDSSURDFKZLWK%DFRQ%ODDXZ	&KULVWHQDQGWKHSDODHRPDJQHWLFWLHSRLQWV)LJ%
7KH'$WLHSRLQWZDVH[FOXGHGDVDQRXWOLHUEDVHGRQWKHFRPSDULVRQRI WLHSRLQWSRVLWLRQVZLWKWKH
OLQHDU DJHPRGHO )LJ $ 7KH UHVXOWLQJ FRPSRVLWH DJHGHSWKPRGHO IRU FRUH -3& VKRZV WKDW WKH
+RORFHQH8QLW,VHGLPHQWUHFRUGVSDQVWKHODVW\HDUVZLWKVHGLPHQWDWLRQUDWHVDYHUDJLQJFP
ND)LJ%7KLVQXPEHULVYHU\FORVHWRWKHVHGLPHQWDWLRQUDWHRIFPNDHVWLPDWHGIURPWKH3E
GDWDLQ0&WKDWVKRZVDFOHDUH[SRQHQWLDOGHFUHDVH)LJ6%DVHGRQDJHPRGHO)LJ%WKHWRS
DJH RI FRUH 7:& LV HVWLPDWHG DURXQG  FDO D %3 LPSO\LQJPLVVLQJ VHGLPHQW DW WKH WRS 7KLV
FRQFOXVLRQLVFRQVLVWHQWZLWKWKHGLIIXVHVSHFWUDOUHIOHFWDQFHGDWD/DDQGEWKDWGRHVQRWVKRZDQ\
YLVLEOHFRUUHODWLRQVLQERWKWKHDEVROXWHYDOXHVDQGUHODWLYHYDULDWLRQVEHWZHHQ7:&DQGWKHFP
ORQJ0&)LJ6$VVXPLQJDWRSDJHRIFDOD%3IRUFRUH7:&DQGVHGLPHQWDWLRQUDWHV
EHWZHHQDQGFPNDWKHWKLFNQHVVRIPLVVLQJVHGLPHQWLVFP
$QRWKHULPSOLFDWLRQRIWKHDJHPRGHODERYHLVWKDWWKHEDVHRIWKHPDULQH8QLW,LQFRUH-3&
KDVDQDJHRIDURXQGFDOD%3FRQVLGHUDEO\\RXQJHUWKDQSUHYLRXVO\LQYHVWLJDWHGFRUHVIURPWKH
VWXG\DUHD'DUE\HWDO/LVp3URQRYRVWHWDO3RO\DNHWDOZKLFKVXJJHVWVD
KLDWXV LQ WKH ERWWRP SDUW RI WKH +RORFHQH  7KH DEVHQFH RI WHSKUD UHODWHG WR WKH a FDO D %3
SURPLQHQW.DPFKDWND.6HUXSWLRQLQ-3&LVFRQVLVWHQWZLWKDQHDUO\+RORFHQHKLDWXVLQWKLVFRUH9
3RQRPDYHUDSHUVFRPP)XUWKHUPRUHDVLPLODUKLDWXVRIVHYHUDONDGXUDWLRQKDVEHHQLGHQWLILHG
LQDZHOOGDWHGVHGLPHQWUHFRUGIURPWKH+HUDOG&DQ\RQDW WKHZHVWHUQ6LEHULDQSDUWRI WKH&KXNFKL
PDUJLQ3HDUFHHWDO&RQVLGHULQJWKHDEVHQFHRI WKH-3&KLDWXVLQQHDUE\FRUHV LWKDV WREH
DVVRFLDWHGZLWKORFDOERWWRPSURFHVVHVUDWKHUWKDQZLWKDUHJLRQDOKDOWLQVHGLPHQWDWLRQ$VWKLVFRUHLV
ORFDWHG LQ RU FORVH WR D FDQ\RQ LQ WKH ORZHU SDUW RI WKH VORSH )LJ  D GLVUXSWLRQ RI QRUPDO
VHGLPHQWDWLRQ LV QRW XQOLNHO\ DQG FRXOG EH UHODWHG WR HLWKHU GRZQVORSH VHGLPHQW PRYHPHQW VOXPS
GHEULVIORZRUWXUELGLWHRUDZLQQRZLQJQRQGHSRVLWLRQE\GRZQZHOOLQJZDWHUV7KHODWWHUH[SODQDWLRQLV
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
PRUHSODXVLEOHVLQFHQRDSSDUHQWHURVLRQDOVXUIDFHLVYLVLEOHDWWKHOHYHORIWKHLQIHUUHGKLDWXV$FFRUGLQJ
WRPRGHUQK\GURJUDSKLFREVHUYDWLRQV GHQVHZDWHUV EULQHV JHQHUDWHG DW WKH&KXNFKL$ODVNDQPDUJLQ
GXULQJWKHIDOOZLQWHUVHDLFHIRUPDWLRQFDQGHVFHQGWRWKHS\FQRFOLQHGHSWKRIXSWRP3LFNDUWHW
DO:RRGJDWHHWDO+RZHYHUJHRFKHPLFDOGDWDIURPERWWRPVHGLPHQWVIURPWKHDGMDFHQW
VORSHDQGGHHSVHDEDVLQLQGLFDWHWKHSRVVLELOLW\RIDPXFKGHHSHUFRQYHFWLRQLQWKHUHFHQWSDVW+DOH\	
3RO\DN:KLOHWKLVLVVXHUHTXLUHVIXUWKHULQYHVWLJDWLRQWKHRFFXUUHQFHRIDORZHU+RORFHQHKLDWXV
LQFRUHVIURPWKH&KXNFKLVORSHPD\LQGLFDWHPRUHLQWHQVHVHDLFHDQGEULQHIRUPDWLRQGXULQJWKDWWLPH
SRVVLEO\ UHODWHG WR WKH IORRGLQJ RI 6LEHULDQ VKHOYHV E\ ULVLQJ SRVWJODFLDO VHD OHYHO DV SUHGLFWHG E\
QXPHULFPRGHOOLQJH[SHULPHQWV%ODVFKHN	5HQVVHQ
7KH SUHOLPLQDU\ DJH PRGHOV IRU WKH %HDXIRUW 6HD FRUHV 3& DQG 3& )LJ $ ZHUH
FRQVWUXFWHG XVLQJ UDGLRFDUERQ DJHV LQFOXGLQJ WKH QHZ UDGLRFDUERQ GDWHV DQG DJHV IURP  QHDUE\ FRUH
3&FRUUHODWHGWRWKHFRUHVXQGHUVWXG\XVLQJWKH,5'OD\HUVDVGHVFULEHGDERYH$SSDUHQWO\RXWO\LQJ
E\a\HDUV)LJ$SDODHRPDJQHWLFWLHSRLQWV'DQG,ZHUHH[FOXGHGIURPWKHFRQVWUXFWLRQRID
PRUHFRPSUHKHQVLYHDJHPRGHOIRUERWKFRUHV7LHSRLQW,ZDVDOVRH[FOXGHGIURPWKHDJHPRGHOIRU
FRUH 3& DVZHOO DV WLH SRLQWV 3 3 DQG3 IRU FRUH 3& IRU EHLQJ D ELW RXWVLGH RU RQ WKH 
FRQILGHQFH OLPLW )LJ $$ FRPSRVLWH DJHPRGHOZDV WKHQ FRQVWUXFWHG IRU ERWK FRUHV EDVHG RQ WKH
SDODHRPDJQHWLFWLHSRLQWVDQGUDGLRFDUERQDJHV)LJ%7KHUHVXOWLQJDJHPRGHOIRU-3&VSDQVWKH
ODVW\HDUVDQGGLVSOD\VDFRQVLGHUDEOHYDULDWLRQLQVHGLPHQWDWLRQUDWHVZLWKDUDSLGGHFUHDVHIURP
 WR  FP ND DW WKH GHJODFLDO+RORFHQH WUDQVLWLRQ 7KHVH UHVXOWV DUH VLPLODU WR VHGLPHQWDWLRQ
SDWWHUQVLQFRUH3&ZLWKVHGLPHQWDWLRQUDWHVRIFPNDHVWLPDWHGIRUWKH+RORFHQH6FRWWHWDO
7KHFRPSRVLWHDJHPRGHO IRU-3& LQGLFDWHV WKDW WKLVFRUH VSDQV WKH ODVW\HDUVDQG LV
DVVRFLDWHGZLWKVHGLPHQWDWLRQUDWHVDYHUDJLQJaFPNDEHWZHHQDQGFDOD%3DQGa
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
FPND DERYHDQGEHORZWKLV LQWHUYDO )LJ%&RUH3&LV WKH ILUVWFRPSOHWHPDULQHVXFFHVLRQ
UHFRUGLQJSDODHRPDJQHWLFVHFXODUYDULDWLRQVIRUWKHHQWLUH+RORFHQHIURPWKH%HDXIRUW6HD
/LPLWVRIWKHSDODHRPDJQHWLFUHFRQVWUXFWLRQV
6HGLPHQWDWLRQ UDWHV SOD\ DQ LPSRUWDQW UROH LQ WKH WHPSRUDO UHVROXWLRQ RI SDODHRPDJQHWLF UHFRUGV7KH
&KXNFKL6HD FRUHVXVHG IRU D FRPSDULVRQZLWK FRUHVXQGHU VWXG\KDYH VHGLPHQWDWLRQ UDWHV DVKLJK DV
!FPNDSUREDEO\LQUHODWLRQWRDSUR[LPLW\WRWKH%DUURZ&DQ\RQDPDMRUFRQGXLWRIVHGLPHQWIRU
WKHHDVWHUQ&KXNFKLPDUJLQ7KHWHPSRUDOUHVROXWLRQRIFRUHVVWXGLHGLQWKLVSDSHULVORZHUGXHWRDPRUH
GLVWDOORFDWLRQIURPVHGLPHQWVRXUFHV%DUURZ&DQ\RQDQG0DFNHQ]LHGHOWD)LJ)XUWKHUPRUHWKH
FPVPRRWKLQJHIIHFWRIWKHFU\RJHQLFPDJQHWRPHWHUFRPELQHGZLWKORZHUVHGLPHQWDWLRQUDWHVPD\KDYH
LPSDLUHGWKHLGHQWLILFDWLRQRIFRPPRQIHDWXUHVEHWZHHQWKHFRUHVDVVKRZQLQ)LJ,QGHHGEDVHGRQ
WKH+RORFHQHVHGLPHQWDWLRQUDWHVGHULYHGIURPFRUHV-3&3&DQG3&WKHFPVPRRWKLQJHIIHFW
RIWKHUHVSRQVHIXQFWLRQRIWKHPDJQHWRPHWHUFUHDWHVDVPRRWKLQJRIUHVSHFWLYHO\DQG
\HDUV7KLVLVHVSHFLDOO\HYLGHQWLQFRUH3&ZKHUHWKHWHPSRUDOUHVROXWLRQRIWKH369SURILOHLV
ORZHU WKDQ LQ RWKHU FRUHV DOORZLQJ XV WR LGHQWLI\ RQO\  FRPPRQ IHDWXUHV LQ WKH LQFOLQDWLRQ DQG
GHFOLQDWLRQ SURILOHV )LJ  1HYHUWKHOHVV WKH VXUIDFH VHGLPHQW RI WKLV FRUH UHSUHVHQWV PRGHUQ
VHGLPHQWV DQG WKHXSSHUPRVW ,5' OD\HU FDQEH LGHQWLILHG DQGGDWHG WRFDO D%3 6FRWWHWDO
ZKLFKHQDEOHVDUHOLDEOHDJHIUDPHZRUNIRUWKLVFRUH,QDGGLWLRQPRVWRIWKHWLHSRLQWVLGHQWLILHG
DUHZLWKLQWKHFRQILGHQFHOLPLW\HDUVRIIWKHFHQWHUOLQHRIWKHDJHPRGHOEDVHGRQ&DJHV
)LJ$2QO\WLHSRLQWV'DQG,VKRZHGDKLJKHURIIVHWLQERWKFRUHV3&DQG3&7DEOH
3DODHRPDJQHWLF UHFRUGV ZLWK JUHLJLWH DV WKHPDLQPDJQHWLFPLQHUDO QHHG WR EH LQWHUSUHWHGZLWK
FDXWLRQ DV WKHLU 369DQG UHODWLYH SDODHRLQWHQVLW\ YDULDWLRQV FDQ EH ELDVHG DQG UHIOHFWV URFNPDJQHWLF
SURSHUWLHV UDWKHU WKDQ JHRPDJQHWLFYDULDWLRQV 5RQ HW DO  ,Q FRUHVXVHG LQ WKLV VWXG\RU IRU WKH
FRPSDULVRQ JUHLJLWH ZDV IRXQG RQO\ LQ FRUH +/< DW UHVWULFWHG LQWHUYDOV %UDFKIHOG HW DO 
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
)XUWKHUPRUHWKHVPDOOSUHVHQFHRIJUHLJLWHLQWKDWFRUHLVQRWOLNHO\WRFRPSURPLVHWKHSDODHRPDJQHWLF
GDWDDV WKH UHPDQHQFH LV VWLOO FDUULHGE\ WKH ORZFRHUFLYLW\PLQHUDOV VXFKDVPDJQHWLWH %DUOHWWD HWDO
%UDFKIHOGHWDO/LVp3URQRYRVWHWDO7KHSVHXGR6UDWLRK\VWHUHVLVFXUYHVDQGWKH
'D\SORWVIRUFRUHV-3&-3&DQG3&LQGLFDWHDPDJQHWLFDVVHPEODJHGRPLQDWHGE\PDJQHWLWH
EXWQRWLURQVXOSKLGHVVXFKDVJUHLJLWH/LVp3URQRYRVWHWDO%DUOHWWDHWDO,QDGGLWLRQWKH
SUHVHQFH RI JUHLJLWH ZDV QRW GHWHFWHG LQ FRUHV XQGHU VWXG\ XVLQJ;5' )LJ 6 DQGPDJQHWLWH ZDV
IRXQGWREHWKHGRPLQDQWPDJQHWLFPLQHUDODQGQRQHJUHLJLWHZDVIRXQGLQVXUIDFHVHGLPHQWVIURPWKH
%HDXIRUW 6HD *DPERD HW DO  $V GHVFULEHG LQ WKHPDJQHWLFPLQHUDORJ\ VHFWLRQ WKH K\VWHUHVLV
FXUYHVSVHXGR6UDWLRDQG0')150DVZHOODVWKHORZ0$'YDOXHVDUHFKDUDFWHULVWLFRIORZFRHUFLYLW\
IHUULPDJQHWLFPLQHUDOVVXFKDVPDJQHWLWH\LHOGLQJUHOLDEOH369GDWDUHFRQVWUXFWLRQ7DX[HHWDO
7KH PDJQHWLF UHVXOWV SUHVHQWHG LQ WKLV VWXG\ DUH VLPLODU WR WKRVH SXEOLVKHG LQ /LVp3URQRYRVW HW DO
%DUOHWWDHWDODQG'DUE\HWDO,QDGGLWLRQWKHLQIOXHQFHRIUHGXFWLYHGLDJHQHVLV
FDQEHPHDVXUHGE\WKHUDWLR)HN/))XQN+RIPDQQHWDO+RIPDQQ	)DELDQ
)RUWKHVWXGLHGFRUHVWKHPHDQ)HN/)UDWLRYDULHVDURXQG)LJ6$FFRUGLQJWR)XQNDQG
+RIPDQQHWDOD)HN/)UDWLRXQGHULVLQGLFDWLYHRIZHDNUHGXFWLYHGLDJHQHVLV%DVHGRQWKH
)HN/)UDWLRDQGWKHPDJQHWLFSURSHUWLHVWKHGDWDWKXVFOHDUO\LQGLFDWHWKDWWKHUHPDQHQFHLVSULQFLSDOO\
FDUULHGE\ORZFRHUFLYLW\PLQHUDOVVXFKDVPDJQHWLWH
6HGLPHQWDWLRQUDWHVLQWKH&DQDGLDQ%HDXIRUW6HD
$VVKRZQLQ)LJVHGLPHQWDWLRQUDWHV LQFRUHVIURPWKH%HDXIRUW6HDDUHKHDYLO\GHSHQGHQWRQWKHLU
ORFDWLRQZLWKWKHODUJHVWGLIIHUHQFHLQVHGLPHQWDWLRQSDWWHUQVREVHUYHGEHWZHHQWKHHDVWHUQ%HDXIRUW6HD
DQGWKH0DFNHQ]LHGHOWD%HIRUHFDOD%3VHGLPHQWDWLRQUDWHVZHUHKLJKHU WKDQFPND LQ
ERWK DUHDV OLNHO\ GXH WR KLJKHU LQSXW RI WKH0DFNHQ]LH5LYHU DQG DOVRPHOWZDWHU GLVFKDUJH IURP WKH
/DXUHQWLGH,FH6KHHW6FKHOOHWDO$IWHUFDOD%3VHGLPHQWDWLRQUDWHVZHUHVWLOOKLJKLQ
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
WKH0DFNHQ]LHDUHD!FPNDEXWORZHULQWKHHDVWHUQ%HDXIRUWVHDFPND,QGHHGWKHDJH
PRGHOFXUYHRIFRUH3&LVYHU\VLPLODUWRWKHUHODWLYHVHDOHYHOFXUYHVIURPWKH0DFNHQ]LHGHOWDDUHD
)LJ+LOOHWDO+pTXHWWHHWDO7KHUDWHRIVHDOHYHOULVHEHWZHHQDQGFDOD
%3ZDV±FPNDIROORZHGE\DGHFUHDVHWRFPNDVLQFHFDOD%3UHVXOWHGLQKLJK
UDWHVRIFRDVWDOUHWUHDWWKDWKDGDVWURQJHIIHFWRQWKH0DFNHQ]LHGHOWD+pTXHWWHHWDO6HGLPHQW
LQSXWV IURP WKH0DFNHQ]LHGHOWDDUH VWLOOYHU\KLJK LQ WKH0DFNHQ]LH7URXJKZKLOH WKH\  VHHPV WREH
LQIOXHQFHG E\ VHDOHYHO YDULDWLRQ LQ WKH HDVWHUQ %HDXIRUW 6HD DV VKRZQ E\ FRUH 3& GXULQJ WKH
+RORFHQH 
0DJQHWLFSURSHUWLHVRIWKHVHGLPHQWVRQWKH$UFWLF1RUWK$PHULFDQPDUJLQ
7KH WKUHHQHZVHGLPHQWFRUHVFRQVLGHUDEO\ H[SDQG WKHGDWDRQPDJQHWLFSURSHUWLHV IURPSULRU VWXGLHV
SHUIRUPHG RQ VHGLPHQW FRUHV IURP WKH &KXNFKL DQG %HDXIRUW VHDV %DUOHWWD HW DO   /LVp
3URQRYRVWHWDO/XQGHWDO$VVKRZQLQ)LJ6IRUFRUHVXQGHUVWXG\WKHSVHXGR6UDWLR
FORVHWRDQGWKH0UV0VDQG+FU+FUDWLRVW\SLFDOIRUORZFRHUFLYLW\IHUULPDJQHWLFJUDLQVLQGLFDWHWKDW
PDJQHWLWHLQWKH36'JUDLQUDQJHLVWKHGRPLQDQWPDJQHWLFPLQHUDORQWKH1RUWK$PHULFDQPDUJLQ
$V GHVFULEHG SUHYLRXVO\ L WKHPDJQHWLF JUDLQ VL]HZDV VLPLODUO\ KLJK GXULQJ GHJODFLDWLRQ DW
ERWKWKH&KXNFKLDQG%HDXIRUW6HDPDUJLQVLLWKH+RORFHQHPDJQHWLFJUDLQVDWWKH&KXNFKLPDUJLQDUH
FRDUVHUDWVKDOORZHUZDWHUGHSWKVDQGLLLGXULQJWKH+RORFHQHPDJQHWLFJUDLQVDUHJHQHUDOO\FRDUVHUDW
WKH%HDXIRUWPDUJLQ)LJ7KHPDJQHWLFJUDLQVL]HLQWKH&KXNFKL6HDFRUHVUDQJHGEHWZHHQWR
P %DUOHWWD HW DO  /LVp3URQRYRVW HW DO  WKLV VWXG\ 7KLV UDQJH RI PDJQHWLF JUDLQ VL]H
PDWFKHGWKHJUDQXORPHWU\PRGHFHQWHUHGDWPDQGFKDUDFWHULVWLFIURPJODFLDOHQYLURQPHQWIRXQGLQ
'RQJHWDO)XUWKHUPRUHFRDUVHPDJQHWLFJUDLQVL]HGXULQJWKHGHJODFLDWLRQFRRFFXUVZLWKWKH
KLJKFRQWHQWVRI ,5'DW WKH&KXNFKLDQG%HDXIRUWPDUJLQV UHIOHFWLQJSUHGRPLQDQWVHGLPHQWDWLRQIURP
LFHEHUJV3RO\DNHWDO6FRWWHWDO)RUH[DPSOHWKHFRDUVHPDJQHWLFJUDLQVL]HSUHVHQWHGLQ
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WKLVVWXG\FRUUHODWHVZLWKKLJK,5'FRQWHQWVDQG)HR[LGHJUDLQVZLWKWKH&DQDGLDQ$UFWLF$UFKLSHODJR
VRXUFHLQWKHFRUH3IURPWKH&KXNFKLPDUJLQ3RO\DNHWDO7KH&DQDGLDQ$UFWLF$UFKLSHODJRLV
FKDUDFWHUL]HGE\KLJKFRQWHQWRIPDJQHWLWHDQGWLWDQRPDJQHWLWHDQGZHUHHQWUDLQHGE\LFHEHUJVIURPWKH
/DXUHQWLGHDQG,QQXLWLDQLFHVKHHWVGXULQJWKHGHJODFLDO%LVFKRI	'DUE\7KHVH,5'SXOVHVIURP
WKH&DQDGLDQ$UFWLF$UFKLSHODJR KDYH EHHQ OLQNHG WR WKH GHJODFLDO GLVFKDUJH IURP WKH/DXUHQWLGH LFH
VKHHWSULPDULO\YLDWKH$PXQGVHQ*XOIDQG0¶&OXUH6WUDLW6WRNHVHWDO:HVXJJHVWWKDW
JODFLDOHURVLRQDQGPHOWZDWHUIURPWKH/DXUHQWLGH,FH6KHHWLQGXFHGKLJKHUPHFKDQLFDOZHDWKHULQJDQG
HQKDQFHG WKH WUDQVSRUW RI FRDUVHU PDJQHWLF DQG WLWRPDJQHWLTXH JUDLQV E\ ,5' WR WKH %HDXIRUW DQG
&KXNFKLVHDV:LWKWKHFHVVDWLRQRI/DXUHQWLGH,FH6KHHWPHOWZDWHUDQGLFHEHUJLQSXWVQXPEHUVRI,5'
VWURQJO\GHFUHDVHGLQWKH+RORFHQHVHGLPHQWVDWERWKPDUJLQV
 'XULQJWKH+RORFHQHWKHHDVWHUQ%HDXIRUW6HDFRUHV3&DQG3&ZDVXQGHUDVWURQJGLUHFW
LQIOXHQFHRIWKHGHWULWDOPDWHULDOIURPWKH0DFNHQ]LH5LYHU6FKHOOHWDO'DUE\HWDO6FRWW
HW DO  7KH &KXNFKL PDUJLQ VHGLPHQWDWLRQ LQ WKH +RORFHQH ZDV SUHVXPDEO\ SUHGRPLQDWHG E\
WUDQVSRUW E\ FXUUHQWV IURP WKH DGMDFHQW VKHOI DQG GHSRVLWLRQ IURP VHD LFH 'DUE\ HW DO  7KH
PDJQHWLFJUDLQVL]HLQWKH&KXNFKL6HDFRUHVUDQJHVEHWZHHQDQGP%DUOHWWDHWDO/LVp
3URQRYRVW HW DO  WKLV VWXG\7KLV UDQJH RIPDJQHWLF JUDLQ VL]HPDWFKHV WKH JUDQXORPHWU\PRGH
FHQWHUHG DW a P LQ LQWHUJODFLDO VHGLPHQWV LQ WKH $UFWLF 2FHDQ LQWHUSUHWHG DV D FRPELQDWLRQ RI
GHSRVLWLRQ IURP VHD LFH DQG IURP VXVSHQVLRQ SRVVLEO\ UHVXOWLQJ IURPZLQQRZLQJ RI WKH ILQH SDUWLFOHV
'RQJ HWDO 'HSRVLWLRQ IURPVHD LFHDORQH LPSOLHVDJHQHUDOO\XQLIRUPJUDLQ VL]HGLVWULEXWLRQ
DFURVVWKHVWXG\DUHDZKLFKGRHVQRWVHHPWREHWKHFDVHIRUWKHVWXGLHGFRUHVZKHUHPDJQHWLFJUDLQV
DUH ILQHU DQG FRDUVHU DW GHHSHU DQG VKDOORZHU VLWHV UHVSHFWLYHO\:H WKHUHIRUH LQIHU WKDW FURVVVKHOI
DQGRUGRZQVORSHFXUUHQWVKDGDPDMRUFRQWURORQWKH+RORFHQHVHGLPHQWDWLRQLQWKHFRUHVORFDWHGFORVH
WRWKHKHDGRIWKH%DUURZ&DQ\RQZKHUHFXUUHQWVDYHUDJHDERXWFPVDQGFDQUHDFKQHDUO\FP
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V'DUE\HWDO7KHXSZHOOLQJFXUUHQWVDORQJWKHVORSHPLJKWPL[ZLWKWKHGRZQFDQ\RQIORZVWR
FUHDWHHGGLHVRUGHFUHDVHQHWFXUUHQWVWKXVSURPRWLQJGHSRVLWLRQ'DUE\HWDO,QWKLVVHWWLQJWKH
FXUUHQWLPSDFWGHFUHDVHGGRZQVORSHFRQVLVWHQWZLWKWKHREVHUYHGSUHIHUHQWLDOUHGHSRVLWLRQRIILQHJUDLQV
DWGHHSHUVLWHV%RWWRPFXUUHQWVPD\WKHUHIRUHDFFRXQWIRUWKHPDJQHWLFJUDLQVL]HGLIIHUHQFHVEHWZHHQ
FRUHVIURPWKHVKHOI-3&DQGIURPGHHSHUVLWHVRQWKHDGMDFHQWVORSH-3&-3&+RZHYHUZH
FDQQRWH[FOXGHVHDLFHDVDQDGGLWLRQDOPHFKDQLVPIRUWUDQVSRUWLQJILQHUPDJQHWLFJUDLQVWRWKHGHHSHU
VLWHVHVSHFLDOO\FRQVLGHULQJWKHLUJHRJUDSKLFSUR[LPLW\WRWKHSRVLWLRQRIVHDLFHPDUJLQVXJJHVWHGIRUD
FRQVLGHUDEOHSDUWRIWKH+RORFHQH3RO\DNHWDO
&RQFOXVLRQV
7KH QDWXUDO UHPDQHQW PDJQHWL]DWLRQ RI VHGLPHQWV IURP WKH &KXNFKL DQG %HDXIRUW 6HD PDUJLQV LV
FKDUDFWHUL]HG E\ D VWURQJ ZHOOGHILQHG VWDEOH VLQJOH FRPSRQHQW PDJQHWL]DWLRQ FDUULHG E\ VLQJOH WR
SVHXGRVLQJOHGRPDLQPDJQHWLWHWKXVKLJKOLJKWLQJWKHTXDOLW\RISDODHRPDJQHWLFGDWDIRUVHGLPHQWFRUHV
IURPWKLVDUHD7KLVSDSHUSUHVHQWVWKUHHQHZUHFRUGVRIWKH+RORFHQHSDODHRPDJQHWLFVHFXODUYDULDWLRQV
DQGUHODWLYHSDODHRLQWHQVLW\LQVHGLPHQWFRUHVIURPWKH&KXNFKLDQG%HDXIRUWPDUJLQVLQFOXGLQJWKHILUVW
IXOOYHFWRUGDWDIRUWKHHQWLUH+RORFHQHLQWKH%HDXIRUW6HDFRUHV3&DQG3&7KHVHGDWDHQDEOHG
XV WR FRQVWUXFW DJH PRGHOV IRU ERWK DUHDV ZKHUH REWDLQLQJ UDGLRFDUERQ DJHV DUH FRPSOLFDWHG E\ D
VFDUFLW\RIELRJHQLFFDOFDUHRXVPDWHULDOVXLWDEOHIRUGDWLQJ3UHYLRXVO\UHSRUWHGUHJLRQDOSDODHRPDJQHWLF
UHFRUGV KHOSHG WR FRQVWUDLQ WKH FKURQRORJ\ RI FRUHV XQGHU WKLV VWXG\ 7KH DJH PRGHO GHULYHG IURP
PDJQHWRVWUDWLJUDSK\ZDVYHULILHGE\LQGHSHQGHQWGDWLQJWHFKQLTXHVVXFKDVUDGLRFDUERQLQFRUHV3&
DQG3&DQG3EDQGWHSKURFKURQRORJ\LQ-3&2XUUHVXOWVIRUWKH%HDXIRUWPDUJLQFRUHVLOOXVWUDWH
D ODUJH GLIIHUHQFH LQ UHVROXWLRQ IRU WKH+RORFHQH UHFRUGV UHODWHG WR D GHFUHDVH LQ VHGLPHQWDWLRQ UDWHV
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
DZD\ IURP WKH 0DFNHQ]LH 5LYHU GHOWD ZKLFK LV DQ LPSRUWDQW IDFWRU WKDW QHHGV WR EH FRQVLGHUHG LQ
UHJLRQDOSDODHRFHDQRJUDSKLFLQYHVWLJDWLRQV
 7KHSUHVHQWHGGDWDDOVRVXJJHVWWKDWGHSRVLWLRQRIFRDUVHPDJQHWLFJUDLQVLQWKHORZHUSDUWRIWKH
VWUDWLJUDSK\ ZDV FRQWUROOHG E\ KLJK ,5' LQSXWV IURP WKH /DXUHQWLGH ,FH 6KHHW GXULQJ GHJODFLDWLRQ
WKURXJKRXW ERWK WKH %HDXIRUW DQG &KXNFKLPDUJLQV ,Q WKH +RORFHQH GHSRVLWV D KLJKHU YDULDELOLW\ LQ
PDJQHWLF SDUDPHWHUV LV REVHUYHG LQ FRUHV IURP WKH &KXNFKL PDUJLQ ZKHUH ILQHU PDJQHWLF JUDLQV
FKDUDFWHUL]HODUJHUZDWHUGHSWKVSUHVXPDEO\LQUHODWLRQWRDERWWRPFXUUHQWFRQWURO
2YHUDOO WKLV VWXG\ LOOXVWUDWHV WKH XVHIXOQHVV RI SDODHRPDJQHWLVP WR LPSURYH WKH GDWLQJ RI$UFWLF
JHRORJLFDOPDWHULDODVZHOODVUHJLRQDODQGJOREDOJHRPDJQHWLFILHOGPRGHOV
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$FNQRZOHGJPHQWV:H VLQFHUHO\ WKDQN WKH FDSWDLQV RIILFHUV FUHZ DQG VFLHQWLVWV RQ ERDUG WKH 86&*&
+HDO\DQGWKH&&*6$PXQGVHQIRUWKHUHFRYHU\WKHFRUHVXVHGLQWKLVVWXG\7KHVHFRUHVZHUHFROOHFWHGDVSDUWRI
WKH+275$;H[SHGLWLRQ 86&*&+HDO\ DVZHOODV WKH&$6(6DQG$UFWLF1HW &&*6$PXQGVHQSURJUDPV
:HDOVRWKDQN4XHQWLQ%HDXYDLV,60(50DWKLHX%DELQ,60(5DQG%DVVDP*KDOHE84$0*(2723IRU
WKHLUWHFKQLFDOVXSSRUWDQGDGYLFHLQWKHODERUDWRU\:HZRXOGDOVROLNHWRWKDQN6WHYH/XQG8QLYHUVLW\RI6RXWK
&DOLIRUQLD /RV$QJHOHV86$ IRU VKDULQJ WKH 369 GDWD RI WKH FRUH -3& 7KLV UHVHDUFKZDV IXQGHG E\ WKH
1DWXUDO6FLHQFHVDQG(QJLQHHULQJ5HVHDUFK&RXQFLORI&DQDGD16(5&WKURXJK'LVFRYHU\*UDQWVWR*6W2QJH
DQG-&0RQWHUR6HUUDQRDVZHOODVWKURXJKVKLSWLPHVXSSRUWIRUVHYHUDOH[SHGLWLRQV-&0RQWHUR6HUUDQR*
6W2QJH/3RO\DN¶VFRQWULEXWLRQZDVVXSSRUWHGE\WKH861DWLRQDO6FLHQFH)RXQGDWLRQDZDUG$5&
)LQDOO\ZH WKDQN&KULVWLQH/DXULQ IRU UHYLHZLQJ WKH JUDPPDU DVZHOO DV WKH HGLWRU -DQ$3LRWURZVNL DQG WKH
UHYLHZHUV'HQQLV$'DUE\DQG'DQLHO5H\IRUWKHLUFRQVWUXFWLYHFRPPHQWVWKDWKHOSHGLPSURYHGWKHPDQXVFULSW
5HIHUHQFHV
$QGUHZV-7	'XQKLOO*(DUO\WRPLG+RORFHQH$WODQWLFZDWHULQIOX[DQGGHJODFLDOPHOWZDWHU
HYHQWV%HDXIRUW6HDVORSH$UFWLF2FHDQ4XDWHUQDU\5HVHDUFK
$VDKDUD< 7DNHXFKL ) 1DJDVKLPD.+DUDGD1 <DPDPRWR. 2JXUL .	7DGDL 2 
3URYHQDQFHRI WHUULJHQRXVGHWULWXVRI WKH VXUIDFH VHGLPHQWV LQ WKH%HULQJDQG&KXNFKL6HDVDV
GHULYHG IURP6U DQG1G LVRWRSHV ,PSOLFDWLRQV IRU UHFHQWFOLPDWHFKDQJH LQ WKH$UFWLF UHJLRQV
'HHS6HD5HVHDUFK3DUW,,7RSLFDO6WXGLHVLQ2FHDQRJUDSK\
%DUOHWWD)6W2QJH*&KDQQHOO-(7	5RFKRQ$'DWLQJRI+RORFHQHZHVWHUQ&DQDGLDQ
$UFWLF VHGLPHQWV E\ PDWFKLQJ SDOHRPDJQHWLF VHFXODU YDULDWLRQ WR D JHRPDJQHWLF ILHOG PRGHO
4XDWHUQDU\6FLHQFH5HYLHZV
%DUOHWWD)6W2QJH*&KDQQHOO-(75RFKRQ$3RO\DN/	'DUE\'+LJKUHVROXWLRQ
SDOHRPDJQHWLF VHFXODU YDULDWLRQ DQG UHODWLYH SDOHRLQWHQVLW\ UHFRUGV IURP WKHZHVWHUQ&DQDGLDQ
$UFWLF LPSOLFDWLRQ IRU +RORFHQH VWUDWLJUDSK\ DQG JHRPDJQHWLF ILHOG EHKDYLRXU &DQDGLDQ
-RXUQDORI(DUWK6FLHQFHV
%LVFKRI-)	'DUE\'$4XDWHUQDU\LFHWUDQVSRUWLQWKH&DQDGLDQ$UFWLFDQGH[WHQWRI/DWH
:LVFRQVLQDQ*ODFLDWLRQLQWKH4XHHQ(OL]DEHWK,VODQGV&DQDGLDQ-RXUQDORI(DUWK6FLHQFHV

%ODDXZ00HWKRGVDQGFRGHIRU
FODVVLFDO
DJHPRGHOOLQJRIUDGLRFDUERQVHTXHQFHV4XDWHUQDU\
*HRFKURQRORJ\
%ODDXZ0	&KULVWHQ$  )OH[LEOH 3DOHRFOLPDWH$JH'HSWK0RGHOV8VLQJ DQ$XWRUHJUHVVLYH
*DPPD3URFHVV%D\HVLDQ$QDO\VLV
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%ODVFKHN0	5HQVVHQ+7KHLPSDFWRIHDUO\KRORFHQHDUFWLFVKHOIIORRGLQJRQFOLPDWHLQDQ
DWPRVSKHUHRFHDQVHDLFHPRGHO&OLPDWHRIWKH3DVW
%ORWW 6 - 	 3\H .  *5$',67$7$ *UDLQ 6L]H 'LVWULEXWLRQ DQG 6WDWLVWLF 3DFNDJH )RU WKH
$QDO\VLVRI8QFRQVROLGDWHG6HGLPHQWV(DUWK6XUIDFH3URFHVVHVDQG/DQGIRUPV
%UDFKIHOG 6 %DUOHWWD ) 6W2QJH * 'DUE\ '	2UWL] - '  ,PSDFW RI GLDJHQHVLV RQ WKH
HQYLURQPHQWDO PDJQHWLF UHFRUG IURP D +RORFHQH VHGLPHQWDU\ VHTXHQFH IURP WKH &KXNFKL
$ODVNDQPDUJLQ$UFWLF2FHDQ*OREDODQG3ODQHWDU\&KDQJH
%ULQJXp 0 	 5RFKRQ $  /DWH +RORFHQH SDOHRFHDQRJUDSK\ DQG FOLPDWH YDULDELOLW\ RYHU WKH
0DFNHQ]LH6ORSH%HDXIRUW6HD&DQDGLDQ$UFWLF0DULQH*HRORJ\
&DUVRQ0 $ -DVSHU - 1	 &RQO\ )0 0DJQLWXGH DQG VRXUFHV RI VHGLPHQW LQSXW WR WKH
0DFNHQ]LH'HOWD1RUWKZHVW7HUULWRULHV±$UFWLF
&KDQQHOO-(7*HRPDJQHWLFH[FXUVLRQVDQGSDOHRLQWHQVLWLHVLQWKH0DWX\DPD&KURQDW2FHDQ
'ULOOLQJ3URJUDP6LWHVDQG,FHODQG%DVLQ-RXUQDORI*HRSK\VLFDO5HVHDUFK

&KDQQHOO-(7+RGHOO'$	/HKPDQ%5HODWLYHJHRPDJQHWLFSDOHRLQWHQVLW\DQGį2DW
2'36LWH*DUGDU'ULIW1RUWK$WODQWLFVLQFHND(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV

&KDQQHOO-(76WRQHU-6+RGHOO'$	&KDUOHV&'*HRPDJQHWLFSDOHRLQWHQVLW\IRUWKH
ODVWN\UIURPWKHVXEDQWDUFWLF6RXWK$WODQWLF$WRROIRULQWHUKHPLVSKHULFFRUUHODWLRQ(DUWK
DQG3ODQHWDU\6FLHQFH/HWWHUV
&RXOWHU 6 ( 3LOFKHU -5 3OXQNHWW*%DLOOLH0+DOO9$ 6WHIIHQVHQ - 39LQWKHU%0
&ODXVHQ+%	-RKQVHQ6-+RORFHQHWHSKUDVKLJKOLJKWFRPSOH[LW\RIYROFDQLFVLJQDOV
LQ *UHHQODQG LFH FRUHV -RXUQDO RI *HRSK\VLFDO 5HVHDUFK $WPRVSKHUHV  ' GRL
-'
'DQNHUV 3  5HODWLRQVKLS EHWZHHQ PHGLDQ GHVWUXFWLYH ILHOG DQG UHPDQHQW FRHUFLYH IRUFHV IRU
GLVSHUVHGQDWXUDOPDJQHWLWHWLWDQRPDJQHWLWHDQGKHPDWLWH*HRSK\VLFDO-RXUQDO,QWHUQDWLRQDO

'DUE\	%LVFKRI$+RORFHQHUHFRUGRIFKDQJLQJ$UFWLF2FHDQLFHGULIWDQDORJRXVWRWKHHIIHFWVRI
WKH$UFWLF2VFLOODWLRQ3DOHRFHDQRJUDSK\
'DUE\'$6RXUFHVRIVHGLPHQWIRXQGLQVHDLFHIURPWKHZHVWHUQ$UFWLF2FHDQQHZLQVLJKWV
LQWRSURFHVVHVRIHQWUDLQPHQWDQGGULIWSDWWHUQV-RXUQDORI*HRSK\VLFDO5HVHDUFK
'DUE\ ' $ 2UWL] - 3RO\DN / /XQG 6 -DNREVVRQ 0 	:RRGJDWH 5 $  7KH UROH RI
FXUUHQWV DQG VHD LFH LQ ERWK VORZO\ GHSRVLWHG FHQWUDO $UFWLF DQG UDSLGO\ GHSRVLWHG &KXNFKL
$ODVNDQPDUJLQVHGLPHQWV*OREDODQG3ODQHWDU\&KDQJH
'DUE\'$2UWL]-'*URVFK&(	/XQG63\HDUF\FOHLQWKH$UFWLF2VFLOODWLRQ
LGHQWLILHGLQ+RORFHQH$UFWLFVHDLFHGULIW1DWXUH*HRVFLHQFH
'DUE\'$ 3RO\DN /	%DXFK+$  3DVW JODFLDO DQG LQWHUJODFLDO FRQGLWLRQV LQ WKH$UFWLF
2FHDQDQGPDUJLQDOVHDVDUHYLHZ3URJUHVVLQ2FHDQRJUDSK\
'DUE\'-DNREVVRQ0	3RO\DN/,FHEUHDNHUH[SHGLWLRQFROOHFWVNH\$UFWLFVHDIORRUDQGLFH
GDWD(26
'D\5 )XOOHU0	6FKPLGW9$+\VWHUHVLVSURSHUWLHVRI WLWDQRPDJQHWLWHV*UDLQVL]H DQG
FRPSRVLWLRQDOGHSHQGHQFH3K\VLFVRIWKH(DUWKDQG3ODQHWDU\,QWHULRUV
'HEUHW06HEDJ''HVPHW0%DOVDP:&RSDUG<0RXULHU%6XVSHUULJXLD6$UQDXG)
%HQWDOHE , &KDSURQ ( /DOOLHU9HUJqV ( 	 :LQLDUVNL 7  6SHFWURFRORULPHWULF
LQWHUSUHWDWLRQRIVHGLPHQWDU\G\QDPLFV7KHQHZ4GLDJUDP(DUWK6FLHQFH5HYLHZV

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0RQWHUR6HUUDQR-&'HVFKDPSV&(	-DHJOH0$PXQGVHQ([SHGLWLRQ5HSRUW*HRORJ\
DQG SDOHRFHDQRJUDSK\ OHJ D $UFWL1HW 8QLYHUVLWp /DYDO 
KWWSZZZDUFWLFQHWXODYDOFDSGIPHGLDB$PXQGVHQB([SHGLWLRQB5HSRUWSGI
'RQJ//LX<6KL;3RO\DN/+XDQJ<)DQJ;/LX-=RX-:DQJ.6XQ)	:DQJ
;  6HGLPHQWDU\ UHFRUG IURP WKH &DQDGD %DVLQ $UFWLF 2FHDQ LPSOLFDWLRQV IRU ODWH WR
PLGGOH3OHLVWRFHQHJODFLDOKLVWRU\&OLPDWHRIWKH3DVW
'XQORS'-D7KHRU\DQGDSSOLFDWLRQRIWKH'D\SORW0UV0VYHUVXV+FU+F$SSOLFDWLRQWR
GDWD IRU URFNV VHGLPHQWV DQG VRLOV -RXUQDO RI *HRSK\VLFDO 5HVHDUFK   GRL
-%
'XQORS' - E 7KHRU\ DQG DSSOLFDWLRQ RI WKH'D\ SORW 0UV0V YHUVXV+FU+F  7KHRUHWLFDO
FXUYHV DQG WHVWVXVLQJ WLWDQRPDJQHWLWHGDWD-RXUQDORI*HRSK\VLFDO5HVHDUFK 
GRL-%
'XUDQWRX / 5RFKRQ $ /HGX ' 0DVVp * 6FKPLGW 6 	 %DELQ 0  4XDQWLWDWLYH
UHFRQVWUXFWLRQ RI VHDVXUIDFH FRQGLWLRQV RYHU WKH ODVW  \U LQ WKH %HDXIRUW 6HD EDVHG RQ
GLQRIODJHOODWH F\VW DVVHPEODJHV 7KH UROH RI ODUJHVFDOH DWPRVSKHULF FLUFXODWLRQ SDWWHUQV
%LRJHRVFLHQFHV
)XQN -$ 6HGLPHQW$FFXPXODWLRQ DQG'LDJHQHVLV LQ WKH /DWH4XDWHUQDU\(TXDWRULDO$WODQWLF
2FHDQ$Q(QYLURQPHQWDO0DJQHWLF DQG*HRFKHPLFDO3HUVSHFWLYH SS8QLYHUVLWlW%UHPHQ
%UHPHQ
*DPERD$0RQWHUR6HUUDQR -&6W2QJH*5RFKRQ$	'HVLDJH3$0LQHUDORJLFDO
JHRFKHPLFDODQGPDJQHWLFVLJQDWXUHVRIVXUIDFHVHGLPHQWVIURPWKH&DQDGLDQ%HDXIRUW6KHOIDQG
$PXQGVHQ*XOI&DQDGLDQ$UFWLF*HRFKHPLVWU\*HRSK\VLFV*HRV\VWHPV
*HLVV&(	%DQHUMHH6.$+RORFHQH/DWH3OHLVWRFHQHJHRPDJQHWLFLQFOLQDWLRQUHFRUGIURP
*UDQGIDWKHU/DNH6:$ODVND*HRSK\VLFDO-RXUQDO,QWHUQDWLRQDO
+DJVWUXP - 7	&KDPSLRQ' ( $+RORFHQH SDOHRVHFXODU YDULDWLRQ UHFRUG IURP &GDWHG
YROFDQLFURFNVLQZHVWHUQ1RUWK$PHULFD-RXUQDORI*HRSK\VLFDO5HVHDUFK
+DOH\ % $ 	 3RO\DN /  3UHPRGHUQ $UFWLF 2FHDQ FLUFXODWLRQ IURP VXUIDFH VHGLPHQW
QHRG\PLXPLVRWRSHV*HRSK\VLFDO5HVHDUFK/HWWHUV
+DQVOLN'-DNREVVRQ0%DFNPDQ-%M|UFN66HOOpQ(2
5HJDQ0)RUQDFLDUL(	6NRJ*
 4XDWHUQDU\ $UFWLF 2FHDQ VHD LFH YDULDWLRQV DQG UDGLRFDUERQ UHVHUYRLU DJH FRUUHFWLRQV
4XDWHUQDU\6FLHQFH5HYLHZV
+pTXHWWH$0DULH+pOqQH5	+LOO357KHHIIHFWVRIWKH+RORFHQH6HD/HYHO5LVHRQWKH
(YROXWLRQRIWKH6RXWKHDVWHUQ&RDVWRIWKH&DQDGLDQ%HDXIRUW6HD-RXUQDORI&RDVWDO5HVHDUFK

+LOO - &	'ULVFROO1:  3DOHRGUDLQDJH RQ WKH&KXNFKL VKHOI UHYHDOV VHD OHYHO KLVWRU\ DQG
PHOWZDWHUGLVFKDUJH0DULQH*HRORJ\
+LOO-&'ULVFROO1:%ULJKDP*UHWWH-'RQQHOO\-3*D\HV37	.HLJZLQ/1HZ
HYLGHQFH IRUKLJKGLVFKDUJH WR WKH&KXNFKLVKHOIVLQFH WKH/DVW*ODFLDO0D[LPXP4XDWHUQDU\
5HVHDUFK
+LOO35+pTXHWWH$	5X]0++RORFHQHVHDOHYHOKLVWRU\RIWKH&DQDGLDQ%HDXIRUWVKHOI
&DQDGLDQ-RXUQDORI(DUWK6FLHQFHV
+LOODLUH0DUFHO&0DFFDOL-1RW&	3RLULHU$*HRFKHPLFDODQGLVRWRSLFWUDFHUVRI$UFWLF
VHD LFH VRXUFHV DQG H[SRUW ZLWK VSHFLDO DWWHQWLRQ WR WKH <RXQJHU 'U\DV LQWHUYDO4XDWHUQDU\
6FLHQFH5HYLHZV
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+RIPDQQ' ,	)DELDQ.5RFNPDJQHWLFSURSHUWLHVDQGUHODWLYHSDOHRLQWHQVLW\VWDFN IRU WKH
ODVWNDEDVHGRQDVWUDWLJUDSKLFQHWZRUNIURPWKHVXEWURSLFDODQGVXEDQWDUFWLF6RXWK$WODQWLF
(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
+RIPDQQ',	)DELDQ.&RUUHFWLQJUHODWLYHSDOHRLQWHQVLW\UHFRUGVIRUYDULDWLRQVLQVHGLPHQW
FRPSRVLWLRQ5HVXOWVIURPD6RXWK$WODQWLFVWUDWLJUDSKLFQHWZRUN(DUWKDQG3ODQHWDU\6FLHQFH
/HWWHUV
+RIPDQQ',)DELDQ.6FKPLHGHU)'RQQHU%	%OHLO8$VWUDWLJUDSKLFQHWZRUNDFURVV
WKH 6XEWURSLFDO )URQW LQ WKH FHQWUDO 6RXWK $WODQWLF 0XOWLSDUDPHWHU FRUUHODWLRQ RI PDJQHWLF
VXVFHSWLELOLW\GHQVLW\;UD\IOXRUHVFHQFHDQGį2UHFRUGV(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV

.DXIPDQ'6-HQVHQ%-/5H\HV$96FKLII&-)URHVH'*	3HDUFH1-*/DWH
4XDWHUQDU\ WHSKURVWUDWLJUDSK\$KNOXQ0RXQWDLQV 6:$ODVND-RXUQDO RI4XDWHUQDU\ 6FLHQFH

.HLJZLQ/''RQQHOO\-3&RRN06'ULVFROO1:	%ULJKDP*UHWWH-5DSLGVHDOHYHO
ULVHDQG+RORFHQHFOLPDWHLQWKH&KXNFKL6HD*HRORJ\
.LUVFKYLQN - /  7KH OHDVWVTXDUHV OLQH DQG SODQH DQG WKH DQDO\VLV RI SDODHRPDJQHWLF GDWD
*HRSK\VLFDO-RXUQDO,QWHUQDWLRQDO
.RUWH0&RQVWDEOH&'RQDGLQL )	+ROPH5 5HFRQVWUXFWLQJ WKH+RORFHQH JHRPDJQHWLF
ILHOG(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
.RUWH0	&RQVWDEOH&* 7KH JHRPDJQHWLF GLSROHPRPHQW RYHU WKH ODVW  \HDUV²QHZ
UHVXOWVIURPDJOREDOPRGHO(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
/HGX'5RFKRQ$GH9HUQDO$	6W2QJH*3DO\QRORJLFDOHYLGHQFHRI+RORFHQHFOLPDWH
FKDQJHLQWKHHDVWHUQ$UFWLFDSRVVLEOHVKLIWLQWKH$UFWLFRVFLOODWLRQDWWKHPLOOHQQLDOWLPHVFDOH
&DQDGLDQ-RXUQDORI(DUWK6FLHQFHV
/HYL 6 	 %DQHUMHH 6 .  2Q WKH SRVVLELOLW\ RI REWDLQLQJ UHODWLYH SDOHRLQWHQVLWLHV IURP ODNH
VHGLPHQWV(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
/LVp3URQRYRVW$6W2QJH*%UDFKIHOG6%DUOHWWD)	'DUE\'3DOHRPDJQHWLFFRQVWUDLQWV
RQWKH+RORFHQHVWUDWLJUDSK\RIWKH$UFWLF$ODVNDQPDUJLQ*OREDODQG3ODQHWDU\&KDQJH

/XQG6.HLJZLQ/	'DUE\'&KDUDFWHURI+RORFHQHSDOHRPDJQHWLFVHFXODUYDULDWLRQLQWKH
WDQJHQWF\OLQGHU(YLGHQFHIURPWKH&KXNFKL6HD3K\VLFVRI WKH(DUWKDQG3ODQHWDU\,QWHULRUV

0DWWKLHVVHQ-.XQ]3LUUXQJ0	0XGLH3-)UHVKZDWHUFKORURSK\FHDQDOJDHLQUHFHQWPDULQH
VHGLPHQWV RIWKH %HDXIRUW /DSWHY DQG .DUD 6HDV $UFWLF 2FHDQ DV LQGLFDWRUV RI ULYHU UXQRII
,QWHUQDWLRQDO-RXUQDORI(DUWK6FLHQFHV
0D]DXG $  8VHUIULHQGO\ VRIWZDUH IRU YHFWRU DQDO\VLV RI WKH PDJQHWL]DWLRQ RI ORQJ VHGLPHQW
FRUHV*HRFKHPLVWU\*HRSK\VLFV*HRV\VWHPV4GRL*&
0F.D\ - / GH 9HUQDO $ +LOODLUH0DUFHO & 1RW & 3RO\DN / 	 'DUE\ '  +RORFHQH
IOXFWXDWLRQVLQ$UFWLFVHDLFHFRYHUGLQRF\VWEDVHGUHFRQVWUXFWLRQVIRUWKHHDVWHUQ&KXNFKL6HD
&DQDGLDQ-RXUQDORI(DUWK6FLHQFHV
0F1HHO\ 5 '\NH $ 6	 6RXWKRQ - 5  &DQDGLDQPDULQH UHVHUYRLU DJHV SUHOLPLQDU\ GDWD
DVVHVVPHQW*HRORJLFDO6XUYH\RI&DQDGD2SHQ)LOHGRL
2¶%ULHQ0&0DFGRQDOG5:0HOOLQJ+	,VHNL.3DUWLFOHIOX[HVDQGJHRFKHPLVWU\RQ
WKH &DQDGLDQ %HDXIRUW 6KHOI ,PSOLFDWLRQV IRU VHGLPHQW WUDQVSRUW DQG GHSRVLWLRQ&RQWLQHQWDO
6KHOI5HVHDUFK
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2UWL] - ' 3RO\DN / *UHEPHLHU - 0 'DUE\ ' (EHUO ' ' 1DLGX 6 	 1RI ' 
3URYHQDQFH RI+RORFHQH VHGLPHQW RQ WKH&KXNFKL$ODVNDQPDUJLQ EDVHG RQ FRPELQHG GLIIXVH
VSHFWUDO UHIOHFWDQFH DQGTXDQWLWDWLYH;5D\'LIIUDFWLRQDQDO\VLV*OREDODQG3ODQHWDU\&KDQJH

3HDUFH & 9DUKHO\L $ :DVWHJnUG 6 0XVFKLWLHOOR ) %DUULHQWRV 1 2
5HJDQ 0 &URQLQ 7
*HPHU\/6HPLOHWRY,%DFNPDQ-	-DNREVVRQ07KHND$QLDNFKDNWHSKUDLQ
WKH$UFWLF2FHDQ D FRQVWUDLQW RQ WKH+RORFHQH UDGLRFDUERQ UHVHUYRLU DJH LQ WKH&KXNFKL6HD
&OLPDWHRIWKH3DVW'LVFXVVLRQV
3HDUFH1-*:HVWJDWH-$3UHHFH6-(DVWZRRG:-	3HUNLQV:7,GHQWLILFDWLRQRI
$QLDNFKDN $ODVND WHSKUD LQ *UHHQODQG LFH FRUH FKDOOHQJHV WKH  %& GDWH IRU 0LQRDQ
HUXSWLRQ RI 6DQWRULQL *HRFKHPLVWU\ *HRSK\VLFV *HRV\VWHPV  4 GRL
*&
3KLOOLSV5/	*UDQW]$5HJLRQDOYDULDWLRQVLQSURYHQDQFHDQGDEXQGDQFHRILFHUDIWHGFODVWV
LQ $UFWLF 2FHDQ VHGLPHQWV ,PSOLFDWLRQV IRU WKH FRQILJXUDWLRQ RI ODWH 4XDWHUQDU\ RFHDQLF DQG
DWPRVSKHULFFLUFXODWLRQLQWKH$UFWLF0DULQH*HRORJ\
3LFNDUW566KHOIEUHDNFLUFXODWLRQLQWKH$ODVNDQ%HDXIRUW6HD0HDQVWUXFWXUHDQGYDULDELOLW\
-RXUQDORI*HRSK\VLFDO5HVHDUFK&2FHDQV
3LFNDUW56:HLQJDUWQHU7 -3UDWW/ -=LPPHUPDQQ6	7RUUHV' -)ORZRIZLQWHU
WUDQVIRUPHG3DFLILFZDWHULQWRWKH:HVWHUQ$UFWLF'HHS6HD5HVHDUFK3DUW,,7RSLFDO6WXGLHVLQ
2FHDQRJUDSK\
3RO\DN / %HOW 6 7 &DEHGR6DQ] 3 <DPDPRWR 0 	 3DUN < +  +RORFHQH VHDLFH
FRQGLWLRQV DQG FLUFXODWLRQ DW WKH &KXNFKL$ODVNDQ PDUJLQ $UFWLF 2FHDQ LQIHUUHG IURP
ELRPDUNHUSUR[LHV7KH+RORFHQH
3RO\DN/%LVFKRI-2UWL]-''DUE\'$&KDQQHOO-(7;XDQ&.DXIPDQ'6/¡YOLH
5 6FKQHLGHU ' $ (EHUO ' ' $GOHU 5 ( 	 &RXQFLO ( $  /DWH 4XDWHUQDU\
VWUDWLJUDSK\ DQG VHGLPHQWDWLRQ SDWWHUQV LQ WKH ZHVWHUQ $UFWLF 2FHDQ *OREDO DQG 3ODQHWDU\
&KDQJH
3RO\DN / 'DUE\ ' $ %LVFKRI - ) 	 -DNREVVRQ 0  6WUDWLJUDSKLF FRQVWUDLQWV RQ ODWH
3OHLVWRFHQH JODFLDO HURVLRQ DQG GHJODFLDWLRQ RI WKH&KXNFKLPDUJLQ$UFWLF2FHDQ4XDWHUQDU\
5HVHDUFK
3RQRPDUHYD93RO\DN/3RUWQ\DJLQ0$EERWW3	'DYLHV6 $+RORFHQH FU\SWRWHSKUD
UHFRUG IURP WKH &KXNFKL PDUJLQ WKH ILUVW WHSKURVWUDWLJUDSKLF VWXG\ LQ WKH $UFWLF 2FHDQ
3UHVHQWHGDW3$67*DWHZD\V,QWHUQDWLRQDO&RQIHUHQFHDQG:RUNVKRS7ULHVWH,WDO\
3\QH2
'RQQHOO67KHWDSKRQRP\RI/DVW*ODFLDO,QWHUJODFLDO7UDQVLWLRQ/*,7GLVWDOYROFDQLF
DVKLQVPDOO6FRWWLVKODNHV%RUHDV
5HLPHU3-%DUG(%D\OLVV$%HFN-:%ODFNZHOO3*5DPVH\&%%XFN&(&KHQJ
+(GZDUGV5/)ULHGULFK0*URRWHV30*XLOGHUVRQ73+DIOLGLVRQ++DMGDV ,
+DWWp & +HDWRQ 7 +RIIPDQQ ' / +RJJ $ +XJKHQ . $ .DLVHU . .URPHU %
0DQQLQJ6:1LX05HLPHU55LFKDUGV'$6FRWW(06RXWKRQ-56WDII5$
7XUQH\&	3OLFKW-,QW&DODQG0DULQHUDGLRFDUERQDJHFDOLEUDWLRQFXUYHV
\HDUVFDO%35DGLRFDUERQ
5LFKHURO75RFKRQ$%ODVFR66FRWW'%6FKHOO70	%HQQHWW5-'LVWULEXWLRQRI
GLQRIODJHOODWHF\VWV LQVXUIDFHVHGLPHQWVRI WKH0DFNHQ]LH6KHOIDQG$PXQGVHQ*XOI%HDXIRUW
6HD&DQDGD-RXUQDORI0DULQH6\VWHPV
5RQ+1RZDF]\N15)UDQN86FKZDE0 -1DXPDQQ56WULHZVNL%	$JQRQD 
*UHLJLWH GHWHFWHG DV GRPLQDWLQJ UHPDQHQFH FDUULHU LQ /DWH 3OHLVWRFHQH VHGLPHQWV /LVDQ
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
IRUPDWLRQ IURP/DNH.LQQHUHW 6HDRI*DOLOHH ,VUDHO*HRSK\VLFDO-RXUQDO ,QWHUQDWLRQDO

6FKHOO706FRWW'%5RFKRQ$	%ODVFR6/DWH4XDWHUQDU\SDOHRFHDQRJUDSK\DQGSDOHR
VHD LFH FRQGLWLRQV LQ WKH0DFNHQ]LH 7URXJK DQG &DQ\RQ %HDXIRUW 6HD&DQDGLDQ -RXUQDO RI
(DUWK6FLHQFHV
6FRWW'%6FKHOO76W2QJH*5RFKRQ$	%ODVFR6)RUDPLQLIHUDODVVHPEODJHFKDQJHV
RYHU WKH ODVW\HDUVRQ WKH0DFNHQ]LH%HDXIRUW6HD6ORSHDQG$PXQGVHQ*XOI&DQDGD
,PSOLFDWLRQVIRUSDVWVHDLFHFRQGLWLRQV3DOHRFHDQRJUDSK\
6QRZEDOO ,	6DQGJUHQ3 *HRPDJQHWLF ILHOG LQWHQVLW\ FKDQJHV LQ6ZHGHQEHWZHHQDQG
FDO%3H[WHQGLQJWKHUHFRUGRI³DUFKDHRPDJQHWLFMHUNV´E\PHDQVRIODNHVHGLPHQWVDQGWKH
SVHXGR7KHOOLHUWHFKQLTXH(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
6W2QJH*	/RQJ%)&$7VFDQDQDO\VLVRIVHGLPHQWDU\VHTXHQFHV$QXOWUDKLJKUHVROXWLRQ
SDOHRFOLPDWLFWRRO(QJLQHHULQJ*HRORJ\
6W2QJH*0XOGHU7)UDQFXV3	/RQJ%&RQWLQXRXV3K\VLFDO3URSHUWLHVRI&RUHG0DULQH
6HGLPHQWV ,Q +LOODLUH0DUFHO & GH 9HUQDO $ HGV 'HYHORSPHQWV LQ 0DULQH *HRORJ\
3UR[LHVLQ/DWH&HQR]RLF3DOHRFHDQRJUDSK\(OVHYLHU$PVWHUGDP
6W2QJH*	6WRQHU-3DOHRPDJQHWLVP1HDUWKH1RUWK0DJQHWLF3ROH$8QLTXH9DQWDJH3RLQW
IRU 8QGHUVWDQGLQJ WKH '\QDPLFV RI WKH *HRPDJQHWLF )LHOG DQG ,WV 6HFXODU 9DULDWLRQV
2FHDQRJUDSK\
6W2QJH * 6WRQHU - 6 	+LOODLUH0DUFHO &  +RORFHQH SDOHRPDJQHWLF UHFRUGV IURP WKH 6W
/DZUHQFH(VWXDU\ HDVWHUQ&DQDGD&HQWHQQLDO WRPLOOHQQLDOVFDOH JHRPDJQHWLFPRGXODWLRQ RI
FRVPRJHQLFLVRWRSHV(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
6WRNHV&5&ODUN&''DUE\'$	+RGJVRQ'$/DWH3OHLVWRFHQHLFHH[SRUWHYHQWVLQWR
WKH$UFWLF2FHDQIURPWKH0
&OXUH6WUDLW,FH6WUHDP&DQDGLDQ$UFWLF$UFKLSHODJR*OREDODQG
3ODQHWDU\&KDQJH
6WRNHV&5&ODUN&'	:LQVERUURZ&06XEJODFLDOEHGIRUPHYLGHQFHIRUDPDMRUSDODHR
LFH VWUHDP DQG LWV UHWUHDW SKDVHV LQ$PXQGVHQ*XOI &DQDGLDQ$UFWLF$UFKLSHODJR -RXUQDO RI
4XDWHUQDU\6FLHQFH
6WRQHU-6&KDQQHOO-(7+LOODLUH0DUFHO&	.LVVHO&*HRPDJQHWLFSDOHRLQWHQVLW\DQG
HQYLURQPHQWDOUHFRUGIURP/DEUDGRU6HDFRUH0'*OREDOPDULQHVHGLPHQWDQGLFHFRUH
FKURQRVWUDWLJUDSK\IRUWKHODVWN\U(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
6WRQHU -6	6W2QJH*0DJQHWLF6WUDWLJUDSK\ LQ3DOHRFHDQRJUDSK\5HYHUVDOV([FXUVLRQV
3DOHRLQWHQVLW\DQG6HFXODU9DULDWLRQ,Q+LOODLUH0DUFHO&GH9HUQDO$HGV'HYHORSPHQWV
LQ 0DULQH *HRORJ\ 3UR[LHV LQ /DWH &HQR]RLF 3DOHRFHDQRJUDSK\   (OVHYLHU
$PVWHUGDP
6WXLYHU0	5HLPHU3-&$/,%SURJUDPPKWWSFDOLERUJ
7DX[H /  6HGLPHQWDU\ UHFRUGV RI UHODWLYH SDOHRLQWHQVLW\ RI WKH JHRPDJQHWLF ILHOG 7KHRU\ DQG
SUDFWLFH5HYLHZVRI*HRSK\VLFV
7DX[H /0XOOHQGHU 7$ 7	3LFN 7  3RWEHOOLHVZDVSZDLVWV DQG VXSHUSDUDPDJQHWLVP LQ
PDJQHWLFK\VWHUHVLV-RXUQDORI*HRSK\VLFDO5HVHDUFK
7DX[H / 3LFN 7 	 .RN < 6  5HODWLYH SDOHRLQWHQVLW\ LQ VHGLPHQWV $ 3VHXGR7KHOOLHU
$SSURDFK*HRSK\VLFDO5HVHDUFK/HWWHUV
7DX[H / 	 <DPD]DNL 7  3DOHRLQWHQVLWLHV ,Q .RQR 0 HGV 7UHDWLVH RQ *HRSK\VLFV
*HRPDJQHWLVP(OVHYLHU$PVWHUGDP
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
9LVFRVL6KLUOH\&3LVLDV1	0DPPRQH.6HGLPHQWVRXUFHVWUHQJWKWUDQVSRUWSDWKZD\VDQG
DFFXPXODWLRQ SDWWHUQV RQ WKH 6LEHULDQ$UFWLF
V &KXNFKL DQG /DSWHY VKHOYHV&RQWLQHQWDO 6KHOI
5HVHDUFK
:DJQHU$/RKPDQQ*	3UDQJH0$UFWLFULYHUGLVFKDUJHWUHQGVVLQFHND%3*OREDODQG
3ODQHWDU\&KDQJH
:HLQJDUWQHU7$DJDDUG.:RRGJDWH5'DQLHOVRQ66DVDNL<	&DYDOLHUL'&LUFXODWLRQ
RQ WKH QRUWK FHQWUDO &KXNFKL 6HD VKHOI 'HHS 6HD 5HVHDUFK 3DUW ,, 7RSLFDO 6WXGLHV LQ
2FHDQRJUDSK\
:RRGJDWH5$$DJDDUG.6ZLIW-+)DONQHU..	6PHWKLH:03DFLILFYHQWLODWLRQ
RI WKH$UFWLF2FHDQ
V ORZHU KDORFOLQH E\ XSZHOOLQJ DQG GLDS\FQDOPL[LQJ RYHU WKH FRQWLQHQWDO
PDUJLQ*HRSK\VLFDO5HVHDUFK/HWWHUV
;XDQ&	&KDQQHOO-(72ULJLQRIDSSDUHQWPDJQHWLFH[FXUVLRQVLQGHHSVHDVHGLPHQWVIURP
0HQGHOHHY$OSKD5LGJH$UFWLF2FHDQ*HRFKHPLVWU\*HRSK\VLFV*HRV\VWHPV4GRL
*&
<HORII'%HQQHWW.'%ODDXZ00DXTXR\'6LOODVRRh YDQGHU3OLFKW -	YDQ*HHO%
 +LJK SUHFLVLRQ & GDWLQJ RI +RORFHQH SHDW GHSRVLWV $ FRPSDULVRQ RI %D\HVLDQ
FDOLEUDWLRQDQGZLJJOHPDWFKLQJDSSURDFKHV4XDWHUQDU\*HRFKURQRORJ\
=LMGHUYHOG -'$ $&'HPDJQHWL]DWLRQ RI5RFNV$QDO\VLV RI5HVXOWV ,Q&ROOLQVRQ':
&UHHU.05XQFRUQ6.HGV0HWKRGLQ3DOHRPDJQHWLVP(OVHYLHU1HZ<RUN


7DEOHFDSWLRQV

7DEOH/RFDWLRQZDWHUGHSWKDQGOHQJWKRIVHGLPHQWFRUHVXVHGLQWKLVVWXG\

7DEOH  $JHV IURP UDGLRFDUERQ DQDO\VHV FRUHV 3& DQG 3& DQG FU\SWRWHSKUD LGHQWLILFDWLRQ
3RQRPDUHYDHWDO5DGLRFDUERQDJHVZHUHFDOLEUDWHGDJHVXVLQJWKH&$/,%YHUVLRQVRIWZDUH
6WXLYHU	5HLPHU±KWWSFDOLERUJDQGWKH0DULQHFDOLEUDWLRQFXUYH5HLPHUHWDO

7DEOH3DODHRPDJQHWLFWLHSRLQWVXVHGLQWKLVVWXG\7LHSRLQWVPDUNHGZLWK,'DQG3FRUUHVSRQGWR
LQFOLQDWLRQGHFOLQDWLRQDQGSDODHRLQWHQVLW\SHDNVUHVSHFWLYHO\DQGDUHVKRZQLQ)LJ'HSWKLQFRUHV
KDVEHHQFRUUHFWHGIRURYHUSHQHWUDWLRQDJHLVH[SUHVVHGDVFDOD%3

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
)LJXUHFDSWLRQV

)LJ  ,QGH[PDS RI WKH%HDXIRUW DQG&KXNFKLPDUJLQV DQG DGMDFHQWZHVWHUQ$UFWLF2FHDQ VKRZLQJ
ORFDWLRQRIFRUHV-3&3&DQG3&UHGVWDUV$OVRVKRZQLVORFDWLRQRIHDUOLHULQYHVWLJDWHGFRUHV
JUH\ FLUFOHVXVHG IRU FRPSDULVRQ 3RO\DNHWDO %DUOHWWDHWDO 6FKHOOHWDO 
/LVp3URQRYRVWHWDO6FRWWHWDO'DUE\HWDO7KHORFDWLRQRIWKH$QLDNFKDN9ROFDQR
LVLOOXVWUDWHGLQWKHLQVHUW$&& $ODVNDQ&RDVWDO&XUUHQW%* %HDXIRUW*\UH

)LJ &RUUHODWLRQEHWZHHQSLVWRQ DQG WULJJHUZHLJKW FRUHV 3&DQG7:& UHVSHFWLYHO\XVLQJN/) IRU
FRUH-3&DQGDIRUFRUHV3&DQG3&7KHFRUUHODWLRQLQGLFDWHVWKDWWKHWRSDQGFPDUH
PLVVLQJIURPFRUHV-3&3&DQG3&UHVSHFWLYHO\3URSHUWLHVIRUWKH7:&DQG3&DUHVKRZQLQ
EOXHDQGUHGUHVSHFWLYHO\

)LJ+LJKUHVROXWLRQPDJQHWLFSURSHUWLHVRIFRUHV-3&3&DQG3&'LVWLQFWOLWKRORJLFDOIDFLHV
DUHQXPEHUHGDQGKLJKOLJKWHGLQJUH\VFDOH7KHYHUWLFDOUHGOLQHGHOLQHDWHV0$'YDOXHRI&7VFDQ
LPDJHVDUHVKRZQIRUFRUHV3&DQG3&7KHOLWKRORJ\RIFRUH-3&LVVKRZQVFKHPDWLFDOO\XQLWV
,DDQG,EDUHFKDUDFWHUL]HGE\KRPRJHQRXVOLJKWJUH\DQGROLYHJUH\VHGLPHQWVUHVSHFWLYHO\DQGXQLW,,
FRQVLVWV RI ODPLQDWHG EURZQ WR JUH\ VHGLPHQWV$UURZKHDGV VKRZ WKH SRVLWLRQ RI WHSKUD UHG LQ FRUH
-3&DQG&EOXHLQFRUHV3&DQG3&

)LJ$7\SLFDOK\VWHUHVLVFXUYHVDQGGHULYHGSDUDPHWHUV%'D\SORW'D\HWDO&N$50YV
N/)SORW UHSUHVHQWLQJ HVWLPDWHGPDJQHWLF JUDLQ VL]H IRUPDJQHWLWH .LQJ  IRU FRUHV-3&3&
DQG3&
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
)LJ&KDUDFWHULVWLFUHPDQHQWPDJQHWL]DWLRQ&K50DQG0$'YDOXHVRIFRUHV3&3&DQG3&
7KHUHGYHUWLFDOOLQHGHOLQHDWHV0$'YDOXHRI%ODFNYHUWLFDOOLQHLQWKH&K50,SDQHOUHSUHVHQWVWKH
H[SHFWHG LQFOLQDWLRQ IRU D *$' PRGHO *UH\ KLJKOLJKWHG DUHDV LQGLFDWH VHFWLRQ EUHDNV DQG LQWHUYDOV
SUREOHPDWLFIRUSDODHRPDJQHWLFUHFRQVWUXFWLRQ

)LJ$&RPSDULVRQRIWKHUHODWLYHSDODHRLQWHQVLW\HVWLPDWHVEDVHGRQWKHDYHUDJHUDWLRVDQGWKHVORSH
PHWKRGVZLWKWKHDYHUDJHUDWLRVRI150$50DQG150,50DWP7FRUH-3&DQGP7
FRUHV 3& DQG 3& % 'HPDJQHWL]DWLRQ FXUYHV IRU 150$50 DQG ,50 & 53, SUR[\ YV LWV
QRUPDOL]HUIRUFRUHV-3&3&EOXHSRLQWVFPUHGSRLQWVUHPDLQLQJVHGLPHQWVDQG3&
EOXHSRLQWV,5'VLQWHUYDOVUHGSRLQWVDUHWKHUHPDLQLQJVHGLPHQWV

)LJN$50N/)UDWLRIRUFRUHV-3&WKLVVWXG\-3&-3&-3&IURPWKH&KXNFKLPDUJLQDQG
FRUHV3&WKLVVWXG\3&3&WKLVVWXG\DQG3&IURPWKH%HDXIRUW6HD$OVRVKRZQDUH
FRDUVHJUDLQ !PDQG)HR[LGHSURYHQDQFHGDWDIURPWKH&KXNFKLPDUJLQFRUH3 3RO\DNHWDO
7KHDUURZVLQGLFDWHDGHFUHDVLQJJUDLQVL]HWUHQGIURPWKHODVWGHJODFLDWLRQWRWKH+RORFHQH

)LJ$$JHPRGHOOLQJXVLQJWKHLQGHSHQGHQWDJHVRQO\3E&DQGWHSKUDZLWKSDODHRPDJQHWLF
WLHSRLQWVVKRZQEXWQRWXVHGLQWKHDJHPRGHOV%&RPSRVLWHDJHPRGHOOLQJXVLQJERWKWKHLQGHSHQGHQW
DJHVDQGSDODHRPDJQHWLFWLHSRLQWV7DEOH$JHPRGHOVH[FHSWIRUWKHOLQHDUPRGHOIRU-3&LQ)LJ
$DUHFRQVWUXFWHGXVLQJWKH5SDFNDJH%DFRQ%ODDXZ	&KULVWHQ
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UHJLRQDO UHFRUGV RI $ LQFOLQDWLRQ % GHFOLQDWLRQ DQG & UHODWLYH SDODHRLQWHQVLW\ 'DWD RQ FRUHV
3&3&DQG-3&DUHIURP%DUOHWWDHWDO FRUH-3&IURP'DUE\HWDO 
DQGFRUHV-3&DQG-3&IURP/LVp3URQRYRVWHWDO$OVRVKRZQDUHWKH&$/6NVSKHULFDO
KDUPRQLFPRGHORXWSXWVIRUWKH%HDXIRUWPDUJLQ1:GHULYHGIURP.RUWHHWDO
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)LJ  $JHPRGHO IRU FRUHV IURP WKH %HDXIRUW 6HD &RUHV 3& DQG 3& DUH IURP 6FRWW HW DO
 FRUHV 3& DQG 3& IURP%DUOHWWDHW DO   DQG FRUHV 3& 3& DQG 3& IURP
6FKHOOHWDO $OVR VKRZQ LV UHFRQVWUXFWLRQRI WKH UHODWLYH VHD OHYHO IURP+LOOHWDO DQG
+pTXHWWHHWDO656/ VORZULVLQJVHDOHYHO+65/ KLJKULVLQJVHDOHYHO0: PHOWZDWHU

6XSSRUWLQJLQIRUPDWLRQ

)LJ60DJQHWLFVXVFHSWLELOLW\FRPSDULVRQRIFRUHV3&6FRWWHWDODQG3&
<HOORZFLUFOHVUHSUHVHQWGHSWKVRIUDGLRFDUERQGDWLQJ6FRWWHWDO

)LJ 6 &RUHWRS FRUUHODWLRQ XVLQJ WKH RSWLFDO SURSHUWLHV / D DQG E EHWZHHQ WKH 0& DQG
7:&7KHUHVXOWVLQGLFDWHVWKHUHLVQRFRUUHODWLRQEHWZHHQ0&DQG7:&DQGVXJJHVWLQJWKDWWKH
ILUVWFPDUHPLVVLQJDWWKHWRSRIWKH7:&

)LJ 6 3E DQG FDUERQ FRQWHQWPHDVXUHPHQWV IRU ER[ FRUH+/<0&$ 3E WRWDO DFWLYLW\
GSP GLVLQWHJUDWLRQ SHU PLQXWH LQ WKH WRS  FP 7KH VXSSRUWHG 3E DFWLYLW\ LV LOOXVWUDWHG E\ WKH
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YHUWLFDO EODFN OLQH %1DSLHULDQ ORJDULWKPRI WKH3EH[FHVV DFWLYLW\ XVHG IRU WKH HVWLPDWLRQRI WKH
VHGLPHQWDWLRQUDWH&7RWDOUHGDQGRUJDQLFEOXHFDUERQFRQWHQWV

)LJ 62UWKRJRQDO SURMHFWLRQ GLDJUDPV =LMGHUYHOG  DW WKUHH VHOHFWHG GHSWKV IRU FRUHV  -3&
3& DQG 3& 2SHQ FORVHG V\PEROV UHSUHVHQW YHFWRU HQG SRLQWV SURMHFWHG RQ WKH YHUWLFDO
KRUL]RQWDOSODQHUHVSHFWLYHO\

)LJ6%R[SORWRIVHYHUDOPDJQHWLFSURSHUWLHVRIPDULQHFRUHVRQWKH1RUWK$PHULFDQPDUJLQDORQJD
ZHVWHDVWWUDQVHFWIRUWKH+RORFHQHUHGDQGWKHGHJODFLDWLRQEOXH7KHPHDQYDOXHVIRUERWKDUHDVDQG
SHULRGVDUHJLYHQE\WKHKRUL]RQWDOOLQHV7KHER[SORWVVKRZHGWKHPHGLDQKRUL]RQWDOOLQHDQGWKHER[
LQFOXGHVRIWKHGLVWULEXWLRQ'DWDIURPFRUHV-3&DQG-3&DUHIURP/LVp3URQRYRVWHWDO
DQGFRUHV-3&3&DQG3&DUHIURP%DUOHWWDHWDO

)LJXUH65DWLR)HN/)IRUFRUHV-3&3&DQG3&LQGLFDWLYHUHGXFWLYHGLDJHQHVLVZKHQ)HN/)
!0FSV)XQNHWDO+RIPDQQHWDO

)LJ6'LIIUDFWRJUDPRIWKHFRUHV-3&3&DQG3&ZLWKWKHDGGLWLRQJRI]LQFLWHWRJRI
EXONVHGLPHQWIROORZLQJWKHSURWRFROHRI(EHUO%ULHIO\JRI]LQFLWHZDVDGGHGWRJRI
EXONVHGLPHQW6DPSOHVZHUH;UD\HGIURPWRGHJUHHVWZRWKHWDZLWK&X.DOSKDUDGLDWLRQN9
P$XVLQJD3$1DO\WLFDO;
3HUW3RZGHUGLIIUDFWRPHWHU7KH;5'GDWDZHUHFRQYHUWHGLQWRZHLJKW
SHUFHQWPLQHUDOVXVLQJWKH5RFN-RFNFRPSXWHUSURJUDP(EHUO2UWL]HWDO$QGUHZV	(EHUO
$QGUHZVHWDO
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7DEOH61XPEHURI&GDWDWLRQFKURQRVWUDWLJUDSKLFWLHSRLQWVDQGLIPRGHOFRPSDULVRQZHUHDSSOLHG
RQWKHFRUH-3&-3&-3&-3&3&DQG3&XVHGLQWKLVVWXG\IRUFRPSDULVRQ%DUOHWWD
HWDO/LVp3URQRYRVWHWDO'DUE\HWDO

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